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PREFACE. 



The foEowing Mlleotion of Formulas and Tablea ia intendsd as 
tb ready reference for Architecte and Enginesta in computing the 
Strains and Strength of Structures in Iron or Wood. Tiie author 
has attempted to giye concisely ali the noossaary data required 
for the oaloulations. The object is, to give a compilation and 
transformation into eimpla formulas and tables, adapted topractics, 
of matter conta.ined id the works of Weiabach, Sankine, BebltaTin, 
SUter, Breyman, Gordon, Brandt, Moll & Beideaus:, LaUih & 
BehiihUr, Fairbaim, and others. 

Among other matter may be particularly mentioned the tahlafl 
giving the capacity of rolled and oast-iroa beams, and the esten- 
Bive table of formulae for the Moment of Inertia and Boeiatanoa 
of various sections. The formulas and constants for ascertaining 
the Strains in Roof and other Trusses will be found quite completa, 
extending to all the different forms or systems in general use. 
Under "Miacollanoous" is given necessary formulas for the cal- 
culation of Lines, Areas, and Solids; also tables of Natural Sinea, 
Cosines, Tangents, Cotangents, Secants, and Coaecants, Area and 
Circumference of Circles, Weight of Materials, &c. 
3., Sfwch.ieis. 
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(i -— - instead of 30, 



On page i. 14th, 15th, and 16th lines from bottom, read — — 

Instead of a. 

On page 32, Fig. 70, insert I = distance between supports. 

On page Zi, Mg. 73, insert I ^ distance between supports. 

On page 34, Fig. 74, insert I ^ length ot beam. 

On p^es 38 and 39io = total weight of beam between supports. 

On page 39, 5th line from top, read 1099000 instead of lOOOOOO. 

On page 39, 5th line from top, read 1754 instead of 1757. 

On pages 144 and 145, in formulas for ir„, change places of last 
minus sign with foregoing pins sign. (See 13lh line from top.) 

Page 145, lines 1 to 7 from bottom, ) Change places of C and T 

Page 146, lines 1 to 3 from top, \ under etrains in Fige. 

Page 146, lines 13 to 22 from top, J 225, 236, 227, and 228. 

0. p.,. ,». ,.i K„. .™ b...... ,..a J;. ^-'i-^ in....,, 



On page 197, 7th line from bottom, read 3.14159 instead of 
1,14159. 
On page 204, let line from bottom, read A^ ^, instead of AA^. 
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FORMULAS AND TABLES 



ARCHITECTS AND ENGINEERS. 



Summary of Definitions and General Principles. 

EsTEaB'AL FOKCES ftre those forces (loads, &c,) which cauBO or 
tend to cause the ruptnre of a structure. 

IsTEBBAL FOE0B9 are those forces which resist the external 
forces,- when one balances the other, the structare is aaid to pos- 
sesa Siability. 

Compressive strain. RsBistanoB to Cnmpreanion. 

Tensioiial strain. Eesbtance to Tensioa. 

Cross-break lag strain. Resistance to Cross-breaking. 

OoupBEssiou Dauses the material to fail by arushing or back- 



tion to their diameter as to have a tendency to give way by 
bending sideways. This intlndes — 
Stone and brict pillars and blocks, of ordinary proportions; 
Pillars, Btrota, and roda of caat iron, in which the length ia 
not more than five times the diameter, appioximately ; 

Pillars, strnts, and roda of wrought iron, in which the length 
is not more than ten times the diameter, approximately ; 

Pillara. atruta, and rods of dry timber, in which the length is 
not more than twenty times the diameter. 
Let W= Cruahing load in lbs. 

C= Ultimate reaistance of material to cruahing in 

lbs. per square inch. 
A ^= Sectional area of pillar, &c., in square inches. 

Then will W=Ax G; md A = ~ 



IS the material to he torn asunder. 
0) 

Lid Ogle 



3 BEFiiriTioMa i 

Seeietance o£ bars, &a., lo teaiing: the ultimate strength of a 
bar (to taacing) is; when 

T:= Ultimate reaiatance of the material to tearing, in 

lbs. per Equare inch. 
W^= Tearing load in lbs. 
A = Sectional area of bar, in square laches. 

Then will W^ A X T; and .d = ^ 

Sheakihq causes the fibres of the material to be shorn by each 
other; whan a bolt pulls out of its nut, tha threadB of the screw 
ate said Ui be sheared. 

Besktance of bars, bolta, &o., when sheared at one place, is: 

S=: Ultimate resistance of material to sbearing, in 

lbs. per square inch. 
W= Shearing load in lbs. 
A = Sectional area of bar, &o., in square inches, 

Then will W= A X S: and J. = -^ 

CBoas-BKEAKisa abm% iptlt hth i 

with a force at right an 1 t ta 1 gtt ffi t t p 

tnrSi is said to be brok at. ss 

Beeislance to croaa-b k ng tl es t f ll mate 1 



The web or braces, b t a^ t tl 1 



CiPAOiir means the load or pressure a structure is capable of 
sustaining with safety, 

DEFLECTloir is the displacement of a beam from a horizontal, 
caused by its own weight or the applied load, or both. 

Camber is givea a beam trO counter balance the deflection, eo 
that the beam may be hoiizoutal when loaded ; the camber should 
be equal to the computed deflection. 

To find the effectof combining several loads on one beam, whose 
separate actions are known; for each cross section, the shearing 
force is the sura of the shearing forces, and the bending moment 
the sum of the bending moments, which the loads would produce 
separately. 

When a load on a structure is partly static and partly moving, 
multiply each part of the load by its proper factor of safety, and 



.l..t 



UEJ/-IHIT10KS AND G 
add togethfiv the products : the aum will ha the load to -which tho 



Of Iron Ties, Stinti, and Beaua. 



la dcaigaing ordinary structures of wrought iron, it saves time 
and expense to use iron hara of such forma of cross soctiou as are 
ububUj' to be met with in the market. An engineer should 
avoid introducing new sections for bars into his designs, escept 
when, by so doing, some important purpose is to be served, or 
some decided advantage to be gainaa. The most common forms 
of rolled bars is shown by the following enumerated figures ; 



No. of 
figure. 


Mamo of Form. 


Applicable for— 
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Vatloiia purpoaes. 













Avoid the use of cast iron for ties, also trnased cast-iron beams. 

When a rnembor of a structure acta alteraataly as a stmt and 
aa a tie, it must have sufficient total sectional area, and sufficient 
stiffness, to resist the greatest compressive strain that can act, and 
sufficient effective saotional area to resist the greatest tensional 
strait) which can act along it. 

Let all pins, bolta, rivets, &c., exposed to a shearing strain, 
fit tight in its hole or socket. 

Roof trnsees, the divisioca of a rafter, and also the etruta, may 
be considered as hinged at the ends. 

In meml>erB under a compound atrain, aa for instance a trusssd 
beam with a distributed load, be carefni to take into account the 
additional compression, caused by the bending moment. 

The best distribution of the material in a section of a oast-icon 
beam, for cross-breaking, is that — =^ — ; or — ^ =: — 

When T^ Ultimata tasistantie of the material to tension 

C= Ultimate resistance of the material to comprB-smn 

s := Distance from neutral axis to moat extended hbree 

3, — Distance from neutral aaia to most compressed fibres 

That ia, the fibres most in tension ahould he nearest the nantral 

axis of beam, 

„ L.OO;!|l 



F El SOI PIES. 

In wrooglit-iron beame, Iha aeotion may be made uliWe above 
aiid below the nentral aiis. 

The MoBUMia op RnpruEE sbould be applied to beams with 
fall Beotion, or beaiua with eontintiona web only ; for all open web 
beams, or beams with very thin web, the reeistanoe of the mate- 
rial to crushing or tearing, respectively, must be used instead. 

EspAriaroK abd Costkaotioh of long beams, which arise fronj 
the changes of atmospheric temperatare, are usually provided for 
by supporting one end of each beam on rollers of stael or hard- 
ened caat iron. The foUawing table shows tlie proportions in 
which the length of a bar of certain materials is increased by an 
elevation of temperature from the melting point of ice (82° Fahr., 
or 0° Centigrade) to the boiling point of water under the mean 
atmospheric preBsure, (212° Fahr., or 100° Cent. ;) that is, by an 
elevation of ISO" Fahr,. or 100' Cent; 

Y MATERIALS. 



Copper O.O0IS4 



Lead..., 
























Slale 0.001M 

Be/erence. 
Let u = Value given in above table, for a certain material, 
I = Length of a bar at 0° Centigrade, 
and J/= its length at a given onmbec of degrees Centigrade. 
a = Given number of degrees, at which I, is required. 
A =^ Superficial area of a plate; 
and j1/= its area at a given nnmber of 0° C. 

B =: Cubic contents of a body, 
and 5,= its contenta at a given number of 0" C. 
Then will l,= I (l + au); 
Ay = A\\+2au): 
S, = B(l + Bau). 
Example: A bar of wrought iron 2 inches sqnaro, is 10 feet 
long at a temperature of 0° Centigrade; what is its length at an 
increased temperature of 30° ? 

Ans: I, = 10 (I + 30 X 0.00120) — 10.038 feet. 
The Nbutkal Axis, in a cross section of a beam, is that layer of 
fibres which are neither in compression or tension, by the action 
of a load on the beam ; it alwayn pas-^ea through the centre of 
gravity of the section : provided the limits of elasticity of the 
material ia not exceedaiL A beam supported at both ends, with 
a load acting perpendicular between the supports, will cause the 
fibres above trie neutral asia to be compressed, and those below, 
extended; the farther from the fibres to the neutral axis, the 
greater the stress. 



Under Moment of Iheiitia ot a oroas aection, may be under- 
stood : iiii internal force at rest ; a static force resiatiag an exter- 
nal force ; it ina>ina the sum of all the area elementa, multiplied 
by the square of their perpendicular heig' 
axis of tne section. The moment of iiie 
denoted with I, depends on the form and di 
section, and is expressed in flquare inehes. 

Moment of Besisiahoe of a cross section is that static force 
resisting an external force of compression or tension ; it is equal to 
tlie moment of Inertia divided by the distancs of the moat ex- 
tended or compressed fibres, respectively, from the neutral axis. 



from the neutral 
which we have 



To find the moment of inertia of any given oi 



First. Divide 
ble. (See diagram, fig, 1.) 

Second. Find the moment 
about its own neutral axis, a 
formula; 



s many simple figures as poasi- 



SeMj 



Letters A, A,, A,„ = ai'ea 



. ..mple figure, respectively; and 

iz, d,, d,j, = its distance from its centre of gravity 

that ot the whole section. 

noment of inertia of simple figures, re- 

n neutral axis see centre of gravity. 







{i„ -)- d„^A,;, -1- &0., -■ 
of inertia of whole section. 



Moments of Ikeetia J amd Moments of Resistance — - 

^c/erence. 
in — ji = neutral axis of section, 
r ^= radius. 

« = distance f:'om neutral axis to mast compressed c 
extended fibres. 
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Modulus op Buptube B. 
According (o Professor Eankine, the modulus of rupture is 
eighteen times the weiaht thnt is required to break a bar of a 
given material one inch square (section) and one foot between, 
supports, tbe weight concentra.led at tlis middle. 
MoDOLUs op Elasticity E 
la that power (in Iha. generally) through which a prismatic body 
of a given material, of section = I, ia aaaumed to he extended 
double its length, or compressed to 0. 

Let A = Sectional area of a rod of the material. 

W= Weight or power in Iba., which causes the extension 
or compression of the rod, 
I = Length In inches of rod before IFia applied. 
/ = The extension or compression of the rod in inchsE, 
dby IK 



□ willjE = - 



m 

~Af' 






AE' 
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Factors op Safety k. 

T!ie ultimate reBistance of material should be divided by— 

^wrofglfu^r" For Proof Str^-gth. For Working a. i* 

Steady load 2 3 

Moving load 4 to 6 



RESISTANCE TO CROSS- BREAKING AND SHEARING. 
Capacity ahd Steehqte of Beams, 

A ^ Area of oroas-eeetjon of beam. 

D ■■= Deflection of beam from a iioriaontal. 

S = Modulus of elasticitj. 

J= Moment of inertia of cross aection. 
Af ^ Maiimum moment of rupture, or bending moment. 
S ^ Modulus of rupture. 

iS ^ Vertical Bhearing force. 

F;= Preesure on supporle. 
IF ^ Capacity or weight of load, 
0, d, Z = I>inienmns in units of length, 

k ^ Factor of safetv. 

10 = Weight of load per unit of length. 

^ Moment of resistance of croes-aeotion. 



For the stability of abeam: M=K^ 

The web of a metal beam must bave suffit 

iiearing force S; that is, A = -rjr- 

The 



e Bnita of dimensiona or weight.] 
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CBOSS-BEE^EISa AUfi SEEASDia 



Dimensions of Croea-seciioa. 
k = Heiglit = 10 inches. 
6 ^ Width of flange = 4 inches. 
( = Thickness of fisnge = 0.8 iachea. 
t, ^ Tliiekneaa of web ^ 0.5 inciies. 
h, = h — 2t: hy = b — t,. 

Diataace between aupporta = 30 feet = 240 inches. Factor of 
safety = 3. 

MoMEBT OF Resistance. 
J hh^—hX' 4x103-3,5x8.4^ ^„.. 

S " U - Bxio — ^■'^^- 



Capadly W. 
8 X 3 + 8,4 X 0,5) X 240 X 0,2@ = 712.32 lbs, 
L_Ji°2i-, 32.09 = 406473,38. 

_„„ 8 . ^S22 712.32 = 12839.721l». 

Capacity of cast-iron X- shaped beams ; load equally 
dsnotfiaed; flange down. 

Dimensiont of Cross-section. 



ty = Thiokneaa of web = 1 inch. 

Area ^= 28 square inciiea. Diataace between sappotts = 20 
leet =; 240 inches. Factor of safety i = 4, 

MOMEBT OF EeSISTAHCE, 

J ~*L bh" — 2byhhy + byhy^ bh' — 2b,hh, + bjh,' J 

_, r (9 X IS' — a X 16,75')' 

*L 9X18'- 2x8xliiX 16,75 + 8 X 16. 75' 
^ X_?_><i5 X 3 X 16.^5 (IS — ia.75)' -1 
9 X IS' — 2 X a X 18 X 16.76+ 8 X 16.750 

M , .Giiogle 



_ r 452256.25 _ 135675,00 "j _ ,, 
" * L 336,5 336" 5~J " ' 

Capacity W, 
vi = 23 X 2iQx 0,261 = )751. lbs. 



K= 4^ . -^ = 



W=^ S— ™ = 8 , — 1757 = 34879 llis. 

For liglit boams no attention need bu paid to weight of beati 

Capacity Was Rolled I-bkaped Bbams. 

Laad equally distrihuted. 

Tlie calculations are based upon Ihe patteras or saotionp v 
by llio PlusuixviUa Iron Company. 2'ractically this applies 
ail BiDiiiar beams rolled in (he United States, tbe difForanos in 
profile of section being sliaht. 

Ill the following table lire factor of safety h = 2.53: 

Re/erenci. 

■ W= 

w =3 Weight of beam ii 
L ^ Distance between supports in feet. 
i= DiBtancB between supports in inches. 
■m,^ Weight per square foot of floor. 
W,= Capacity of coupled or trebled beams in tons of 2,000 lbs. 
D = Deflaction in inches at centre, between supports. 
d ^ Distance between centres of beams, when spacing for 
floors, in feet. 



JC' = Constant, compatad by formulas. (See under examples.) 
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KEaiBTASClt TO CEOSa-BREAKlKG 



IB fhonld be about J incii 



Trohled Befims. 



&ampleE explanatory of ike following Table. 

EsABPMi. — What IK tiiB capacity of a. 15-ineli light beam, load 
equally distriboted, distance IJelweea supports = 20 fset? 

K' = ^^. and W= ~ ; for JS-inoh light beam ~ = 

— 5^ — = 1^" '*"'*■ '-^iiis '^^ ^^^° found at tho interBaction of 
:;0 feet nnfl column under cnpiu^ity W. 

EkampIjE. — What distance apart should 9-iiich medium beams 
be, placed, the diRfance between supports being 20 fast, and to 
ciH'ry ft lotal load of 140 Iba. per square foot of floor Rncface ? 

AnB, 4.4feeli beiuH found at the intersection of the horiiontal 
iiiia from 30 feot and the venical column onctar 140 lbs. 

ExisiPLE.— What is tbe capacity of 1 2-iaoh light beama trebled, 
loiid eqnallv distributed, distance between snpports ^ 25 feet? 

Ans. W(oi 12-inoh light beam =9.19 and fK, = TF X 5,33 = 
9.19 X 5.33 = 48.98 tons. 
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) Beaub. 



Explanation of Tablet for I Beams. 

The first coluron gives the distanea between aupports in feet. 

The second column gives the eapaoitj in tons of 2,000 Ihs., 

equally distributed. 

The third colnmn gives the defieotion in inchoa at centre of 



The fourth column gives the weight of beam in Ibg. for li 
between eiipparts. 

Tlie fifth to fifteenth column (inclusive) givea the diaf:ii 
feet that the beruna should he spaced from centre to centr 
weight in lbs., -par sq. ft. of surface for floors. 

Pouads in decimale of a ton. 



etli 



300 = 0.15 

In using these beams for floors, with briok ' arching, the ends 
rBBting on supports should Lave a bearing of about 8 inehea, 
resting on a caBt-iron plate, 8 X 13 in. sq., bj 1 in. thick. 

Tie rnds should be need where floors are subject to heavy con- 
centrated moving loads, {as trucks with merchandise, &o.;) these 
rods should be about 8 times the depth of beam apart, fastened 
about ^ from the bottom of beam. 

When beams are used to support walls, or as girders to carry 
floor beams, and put side "byside (II.) they should be fastened to- 
gether with oast-iron blocks, fitting between the flanges, so as to 
KGonrely. combine the two beams. The blocks may be put about 
the same distance apart as the tie-tods. 
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CBOES-BBEAEinO A 
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15" "ii^/t!" Beam. Weight psr If. = 51,00 lbs. 
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12" "Heavy" Seam. Weight por If. = 63.66 lbs. 
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2" ■'lAgU" Beam. Weight per If, = 41,66 lbs. 
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10.5" Beam. Weight per If. = 
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nESISTAHCE TO CROSS" EKE AKIHS AND 8. 

fi" "Hiavy" Beam. "W^iglit per If. = 50 lbs. 
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S^ISTiKCE Ti 



" "Medium" J: 
Momenbof iiie 



Weight per If. = 30 lbs. 
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Factor of rupture G for cast-iron beams of variant sections. 

The factor Cia baaed on practical esporimenta by Hodgkinson' 

Its value altera with the different proportiona of the croas-Beotiona 

of beam. 

Boam supported at the ends; load concentrated at the center. 

0= Factor of rupture. 
W^ Breaking weight in lbs. 
A = Seotilond^area of beam la square inches. 
I ^ Diatanoe batween supports in inches. 

ft = Height of beam in inohes. 

a inches. 6 = Thicknesa of web at center 
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Load concentrated at center : W = -y-. or K^^=l.W. 

Seam fixed at one end; principal jiange at top. 
Load equally dietributedi W=-—-, 0TK'=-2.t. W. 

Load concentrated at free end: W^= . , , or K^ =: i.l.W, 

[NOM.— The mora the seoUonal eren ia ooutained in ooofflcieiit Ki , tha 
more Is the seotlau eooaomical. j 

BxAMFLB. — Section Ko. 34. Load equally distributed; beam 
BUpported at both ends; thiofenesa of web = 1 iucli: Uiicknesa 
of flange = IJ inch; height = 10 inobea; width of flange = 6.9 
inchefl. Distance between supports ^ 20 feet := 240 inches. 

"" = -5- = -T^ = 5.43 tons capacity. 
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Strehqth of Woohbh Bbams. 

Capacity IT in lbs, of American white and yellow pine h 
4o., from 1" 1 1" to 15x16 in. 

The jnodulus of rupture is taken at—- — =I25(ilbs., or 8 li 

K- — labulated coefflaient. to be divided by 



60U00 
120000 
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Beams fixed at ohe ksv. 
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PRESSURE ON SUPPORTS. 

KB40TI0N OF BUPPOBTS. 

For a conUnuouB beam, horiiontol or inclined. Load W/ 
equally distributed, and supports equal distance apart. Appli- 
cable to trussed beams, rafters, or beams supported by three or 
mora supports. 

Beference. {Fig. 166.) 
W, = Weight of load per unit of length in lbs. 
i = Distance between supports in units of length, 
P,Pi, Pa = Praisure on supports in Iba., counting from end 
support to center otbaam. 
M, Ml, M^ ^ Momenta of rupture over supports. 



By thLs table the yreiiure npon any support, from 3 to ii 
number, can be asocitamad also the momenta of rupture. Th 
table is used in calfuliting the atraina in roof truaaes, ka. 
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I, i,, ij =1 Dimensions in unita of length. 
P, Pj, Pj i=a Presaore on sappocts in lbs. 



Ml Three supports. 
1^^ unequal distances 




COKPEESaiVI! STRAIN AND rEESaiTKB 

Fig. 169. 




Load concentrated at free end: 



.w={-L-i)w^i-w 



COMPRESSIVE STRAIN AND PRESSUKB ON SUPPORTS. 

Slopibci Beams, Eaftbks, &c. 

Load W equally distrib-aUd. 



Beam, &c) 

Cs= OompreaBion in direction of beam. 
S-= Honsontal atraia acting on support. 
Vss PrcBBure on Bupports. 

Lower end supported vertically and horiaon tally ; upper end 
resting on incliaea support ; 
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EESISTAKCE TO CEUSHIKO. 

;iiGTH OF COLOHHS, PlLLAIiS, AND StBUTB. 



A ^= Area of crosa-seotion in inches. 

C=i Coefficient, depending on Ihe material. 

I = Least moment of inertia of cross- aectioo. 
W = Capacitj- of column, pillar, or strut in lla. 

a ^ CoafBcient, depending on the material in respect to I 

e ^ Coefficient, depending on the material. 

ft = The least diroansbn across the section in inches. 

I = Factor of safety. 

\ ^ Length of column, &c., in inches. 

r a= Least radius of gyration. 
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Sfictxonal area of the plar 



80,000 lbs. 

3,200 " 
0.0025 



O.OOi 
, = 6; for 
ng loads. 



Case 1. 
I ( unJLi 01 liinged it both ends, as per — 

I For square, fectangulaf, or eirtulac 
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at both euda, as per — 
■ circular ci 




Rounded at both ends: 

Wha^ is the capacity of a vroiight-iron stiut of the anaoxcd 
ligure and dimensions? 

I = 10 feet == 120 indiea. 




,3 above,' in Case 3, fised at both ei 



1+3 
1684B0 
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EEaiSTASOB TO OEUSEISa. 



Bounded at bolh ends: 
Skg 111. 




1 X 4' + 3 X P 






Same as above, in Ca.so 3, fised at both ends : 
^ , 3S0O0 X 7 , 252000 



36000 X 0.8 

Case 3. 



n, piliar of tbo annexed figi 



Fig 1-8 




1 '^ 

l<— ^ ' ... 


L 
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For Uve anoe: 
Fig 179 



k— ^^ 
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BESISTASCB TO CRUBHISe. 



1 + 00025 - 
^40000 




To find the capacity of a Column, Pi 
oroBS-section by the following Table: 

Find how many times the least dimeneioQ /i across tlie se 

is cooUined in the lengtli I of column, &c. — that is, -j— 

mulliply the corresponding number on the same horizontal 
under K", by the eectional area of cross -flection. This give 
capacity in tons of 2,000 Ibfl. 
Let l-=. Length of column, &o. 

K" = Capacity in tons of one square inch of cross- sec tic 
be multiplied by aeotional area of desired t 

Various sections for which this table is applicable: 






Meampli explanatory of the fnUowing tabli. 

Wbatia the capacity of a cast- iron column lOfaet = 120 inches 
long, fixed at both euda, and of the aoneied cross-section and 
dimensions? 



= 40 7f" for 40=1 .000 tone. 



Mg. 189 



EB8ISIAH0B TO 0EU3HING. 
Cohimn, -^c.^ed at both aids. 



Gnat Iron— eight times safety. 



Wrought Iron— six tlines safet;. 
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110 EB3I3TASCE TO CBirSHINO. 

Strength of Columns, Pillars, or StruU, of seasoned wood, T 



r height of column, &a,; that i 
5 figur 



H 



then multiply the corresponding „ 

line nnder K" hy the Eootional area of crosa-section. This gives 
ttie capacity of column, Ac., in tons of 3.000 lbs,, 10 times salety. 
ICefere^e. 
S!= Length of colnmo, &c. 
D ^ Least dimension of cross-section. 
K" = Capacity in tona of one fiqua.re inch of cross -section, to 
be muUiplied by sectional area of desired cross- section. 

The coefficient C for white and yellow pine in the following 
table is token at ejSn = 000 lbs, for safety : 

For oak at 'Jfta ;= jjoo lbs. per square \noh for safety. 
ExAiirtB. — What is tiie capacity of 3, pillar of oak, section 
4x6 inches, length = 12 feet = l4l inches ? 



D 



= 1^ = 36, K"ioTZQ = O.OeiX iX 6 = 1.536 
Capaciti/ K" of one sijuare inch in tons o/ 2,000 lbs. 
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PARALLELOGRAM OP FORCES. 
Composition abb RESOtirriOM or Fokceb. 



A, B, C= roroes, or straina, acting on a single point. 
Fig. 190, 



Cs 


ia.u. 


Pin. () 


' + M' 


Cf 


iiii. u 



1. (V + V,) 






when« + v^ <90° (7= Mi+ £>+ [2 ^ 5 eos. (u + !>,) ] 
wlienti 4- D, > 90= C=\a:'-\- B'— [2 A B cc»;, (l80=~ 

Fig. 191, 



(. + .))] 




^+11,= 90° 

B = f78in.«= Ccc 
(7 = y/I' + B^' 
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STRAINS IH FRAMES. 



C:= Compressive strain in nnita of weight, 

2"= Tensile 

F= Vertical 

ffzs Horizontal " ' 

W= Load in noifa of weight. 

{ = Dimeneions in units of length. 

u = Angle between horiaontal and inclined member. 

)BS-breaking strain, see "Resistance to cross -breaking." 



Fig. 193. 



For 





F=ff, iang-i/ 

Wheii I > ij the portioD l,j 

Wbea I < I, ibe portion l^, 



Wh- 



I — I, 



tang, y 



n tension = F— 1?= 



mpression = W — V = 




V, = V— W = [; \^' ) IF/ = T, (te-nsioii) = C, (com- 
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= r (tension.) 
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^) treotg 
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nsion) = 


= JT, {oompteasioD.) 


of beams 
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= F— IF= (-^— ) f''= ^/ (compressioD) = 2> 
(t™.iot) 

= Fcolg, V = -— Wcotg. V = (tenaioD) ^ fl, (compress ion.) 



STRAINS IN BOOM DERRICKS. 
Reference. 
C ^ Compressioa in boom. 
C,= Compces ' 

T,= Tension 
( ^ TaosioQ 




. ,Cjt>o^lc 



c,= w 

"3>= Fcotg. jjjBec. 1 



STRAINS IN TRUSSES 
Load equally dklribuUd. 



V = Angle between Lorizontal and diagonal. 

C ^ ComprBBsion in lbs., (denoted by thick lines.) 

T= TecBioD in lbs., (denoted by tbin lines.) 




W 
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4 Bays = -^ 

Fig. 201. 



0=T = ZC, o(% V 

C,= r,= 2Cj cotg. V 
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- COtg. V 


D ON FOEEOOINO FoBMULi 



Load egually dUtriiuUd. 
TaWe of eonstanta for strains in reBpective member of trusses, 
from 2 to 6 bay a, witti diagonals inclined from 5" to 45°; 

IT^Load ia Iba., equally dietribnted over whole length of 
tru88, to be multiplied by constant for etrain in re- 
peotive member. 
V = Angle between borizontal and diagonal. 
0= Compression in lbs. in respective member. 
2"= Tension in lbs. in respective member. 
EzAMPLE, — Required, the atraia in the various membera of a 
trues of 4 bays. Length = 40 feet ; load IF= 80,000 lbs.; angle 
w = 20°. 
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3TKAIN9 IN TSUSSED BEAMS. 



STRAINS IN TRUSSED BEAMS. 

When a beam supported at tha ends, k required to carry a 
greater load tlian ite given capacity, and trnaaing ie resorted to, 
it may beooraa necessary to find what portion of the load is borne 
by tbe different members of the trussed baam. 

Ji,/.r™, 
Let W = Load acting on truss at a supported point. (See figure.) 
ITi^ That portion of W acting on diagonals. 
TFi^ That portion of W acting on beam. 
A,= Sectional area of diagonal. 
A2= Sectional area of beam. 

E,= Modulus of elasticity of material iu diagonals. 
jE,:= Modulus of elasticity of material in beam. 

a = Length of di^onal, 

6 = Distance between center of beam and point of auppovt. 

e = Distance betiveen abutment and point of support. 

{ = Depth of beam. 
= Depth of truss. 
I = Distance between center of beam and abutment. 
[Note.— TJss the eaiao unit of length and weighl.] 




p 


' ^'i ' 


K ' 


p 
;<2 


' ^1 ■ 


1-' 


T>" 
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When load is equally distvibutBd IFbecomaa | W, 




K ^. 


«' 


' /■ ■ 


~J,7 ■ -&' 


Wi= 2 W, . 






A, E, 
A, ■ E, 


A-^^' 


_£_ 


/l* 


E, 



When load is eq^iially distributed TTbeoomes '^W. 



Lin Ogle 







P a{a?->^U) A, E, 
h' ■ (p—b')e ' A, - El 



'' Ws ' h' ' {l'—b^)c ■ El 



It" (!'— 6=)c Ai. E, 



When load is oquallp distributed JF beoomea ^ If 
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Mgi. 213 and 214. 




^ — Jt- (P - 5=) c A, ^i_ 






■Jl ll^'iM _^ ^ 









Wben load ia equally diatributed tTbecomea % R 
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120 STBAISS IN TRDSISES WITH PARALLEL 1100M3. 

STRAINS IN TRUSSES, WITH PARALLEL BOOMS. 

{Caiised by Static and Moving Loads.) 

The strain in Urn upper bootn la always compoaawe 

The strain in tha \ower boom is alwajs tensile 

All braces inclined dovm liom the noarest aliutmrnt ire ii 



The atraina in the verticals and diagonils tncreasi' fiom the 
center of truss to abutment. 

The atraina in the booms dtcreote from ti\e cenlei of truss to 
abutment. 

A moving load, advancing over a trua^ &e causes the maxi- 
mum moment of rupture (which under an eqinlly diolrlbuted 
load ia at tlie center of truss) to shift to one side of the canter, 
thereby changing the nature and amount of slr'im in wpb only. 
This requires either the enlargement of those membera consti- 
tnting the web or the addition ot so called counters (braces, 
struts, or tiee.) 

To find the point from centpr ol truss to where the aldition ol 
counters must commence, the tollowiug formula la usol 

Let d = Distance froni center of truas to point where 
mnximum moment of rupture occurs, and where 

J'= Diatanoa from nearest abutment to ditto. 






N = Total number of bays in a truss. 
JT„ = Horizontal strains in booms. 

^0= Strains in verticals. 

y.^ Strains in diagonals. 

V„ i= Vertical strains acting on counters F„. 

T„= Strains in counters, opposite in kind to I^. 
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M3. 127 

IF ^ Weight of sialic load, equally distributed over whole 

length of truss. 
W ,■= Weight of moving load, equally diRtributed over wliols 

length of truaa. 
7i ^ Height or depth of trass between the center of gravity of 

booms. 
I = Span or length of trnRS from abutment to ahatment. 
n = Number of member, counting from abutment ji. 
m :^ Homber of member, between center and abutment B. 
r = Halt the length of a panel or bay. 
a ^ Length of a, panel or bay, 
!u =; Weight of static loud per unit of length I. 
■a,^^ Weight of moving load per unit of length I. 
u =r Angle between horizontal and diagonal. 
For other deaignationB, see diagrams and eiamples. 

The angle v for Howe Truss is generally 45°. 
The angle o for Whipple Trnas ia generally 45°, 
The angle v for Lattice Trnas ia generally 45°. 
The angle « for Warren Truaa ia generally 60°. 

The proportion of height h to span I is from ^ to ■^, gener- 
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Howe Tmss. {Figi. 215, 216, 217, and 218.) 
Additional Beference. 
,r„=: Distanee from abutraant A to center of bay. 
1/^= Distanee from abntmecfc A to apex of bay. 



Strains in Booms. 

_ W W J 

Btraiiis in Verticals. 






I Ver Heals. 

W, 



r„=F,ooseo.tp. 
Strains in Ojuiifsrs. 

IF, 

--+ -IF "-■■>■ !'-=''-—■ 
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STBAIUS IN TEUSSE3 WITH F 
EsiMPLE. (H^s. 215, 216, 217, and 218.) 



W,= 100,000 lbs. 
t = 100 reel. 
A = 10 feeb. 

H = 4S<',(coa8c. = 1.414.) 
Ifi.rizonlalStraiiainBooms.ifiimipressioninvpper.UrisioninloweT.) 
W-\- Wi W4- Wi „ 50000+100000 

''-= -^7r— ^' 2S— ■^" = -—20 ■ 

50000 +10000^ ^ ^ _ ^, 

ya 2000 ■' " " 

JJi = 7500.10 — 75.100 =67.500]bB. 
jra = 7.500.20 — 75.400 =120,000 lbs. 
i?, = 7uO0. 30 — 75.900 =157,600 lbs. 
H, = 7500.40 — 75.1600= 180,000 lbs. 
JJ, = 7500.50 — 75.2500 = 187,500 Iba. 

Strains in Vertioals. 
V —^ IF ^ , TT, 



20000 

-5.B5!=i 



H\,)= = 25000 — 500 . n:„ + 5 {; - 



5.75' = 40625 
5.6ij" = 28625 
5.55^ = 17625 



F, =25000 — 500.5 - 
f:=2SO0O — 600.16- 
FC=2JOOO— 5O0.25-■ 
y;=25OOO— 600.35-- 
F^ =26000 — 500-45- ■ 

OmnUr Strains ( F„) for Strains in Coxmters. 
Fs = 25000 — 600.55 + 5.45'J = 7(325. 
V, = 250OO — 500.65 -f 5.S5« = 5625. 
Strains in Diagonals. 

Y, = F. 0OB90 1). 
StiaiDBJn Figfl. 315 ai6 217 21S 

7, = 67625. 1.414 = B5,620 lbs. Oom. Cora. 'I'en. Teo. 

Y, = 5362-6 . 1.414 = 75,826 lbs. 

5^=40625.1 414 = 57,441 IbB. " 

7^1 = 28635. 1.414 = 40,476 lbs. ' 

Yt = 17625 . 1 .414 = 24,932 lbs. " 

Siraim in Oountert, {dotted lines, Fig. 216, /or es;ampJe.) 

Sti-ainn 111 riga. 'i\h 2K, SIT SIS 
y"c = 7625. 1.414 = 10,7S31bs. Com. Com, Ten. Ten. 
r, = 5625.1.414= 7.9641b3. " " ,^ " ," 
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L tr CE Tbuii with Veetical Nomcees, 

Fff 319 Load on eitlier Boom. 

Tj mi-nle the atraica in this trass, the 

1 e method s to find the values of H„ F,, 

T „ y, and Y„ Cor a, Howa Trose, (^Figs. 215, 

j 216 217 and -18,) loaded in the same man- 

j oer (apper oi lower boom.) Theaa values in 

I the follow ug formulas for the above trass will 

I give the re^uied attaina: 



(S.) 



2 



~ 2 



Gecerally S, 



-ff„_ 



Strains in Vtrticah. (U.) 
Upper boom loaded — Minpresaioii. 
Lower boom loaded — tension, 

U=E±M. constant 
2iV- 

Strains in. End Post ( U,.) 
UppBrboom loadsd. 

n,= U-'r Si = GotQpreasion. 
U„= Si=: compreaaion. 
Strains m DiagmiaU. {D.) 

y, y, 



: — ^ Generally D^= 
Strains in Counters. 

Generally D„ = —^ 
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"Warreh Thuss. 
F q 220. Lowst Boom Loaded. 

Additional Reference. 
=■ Distance trom abutment A to center 

of diagoDal. 

- Ii!tancB from abutment A to apex 

of bay of upper toom, 

— IiiGtance from abutment A to apex 

of bay of lower boom. 

or Petmanenl Load, equally diattihuted 
over whole length of Truss. 
Strains in Bocms. 



H.= . 



■2h 



W 



m' 



w 



2h * „,.. 
Strains in Vertieah. 

^ W W ,77 , , .■ 

!„:=— j— ic, (K,aotsat t 



Strainsin Ditraonah 



F. = 



i Ifoiim / md Statia Load ea<,h 'gually dis- 

Iribuledper unit oj lenoUi 

Strains m Booms. 



2;. 


■^ m 


■■^ 


Loiter. 




■ 2h ■ 




■!/.^ 


Strains i 


n Verlkals. 




.-3— —0, + — (i- 


■ <o,y 


Strains ii 


I DiagonaU. 
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Example. {Mg. 220.) 

Moving Load {as raitviay train ftMiing over bridge) on lower Bii( 

Wa will assume W ~ 50,000 lbs. 
F,= 100.000 lbs. 
I = 100 feet. 
A = 10 feet. 
K = G3°20',(cos6c,-=l.]2,) 

Horiionial Strains in. Upper Boom, [Compression.) 

_ W+W, _ 17+^1 ^ _ 50000 + 100000 
M,— 2ft ■^' 2!a ''"■ ~ 2.10 

500004- 100000 , _ 15Q0Q0 _ 
^ 2.10 . 100 -^^ ^ 20 ■^° 



if, =7500.10— 75.100 ~ 67,500 Iba. 
^, = 7500.20 — 75,400 =120.000 lbs. 
£, = 7500.30 — 75.800 = 157,500 lbs. 
H. = 7500.40 — 75. 1600 = 180,000 lbs. 
Hi = 7500.50 — 75.2500 = 187,500 ' 



Horkontal Strains in Lovi^ Boom,. {Tension^ 

■a ^ ^+ l^i Tf+Tt-i ^ _ 50000+100000 

"" 2ft *^° 27ii ■^° ~ 3,10 

50000+100000 , 150000 150000 



.ff,=7500.6 —75.25 = 37500— 1875= 35,e2Elbs. 
a; = 750O.15-' 75,225 =112500.- 16875= 95,6251bB. 
if* = 7500. 25 — 75.625 =J87500— 46875 = 140,625 lbs. 
S. = 7500.35 — 7-5.1225 = 262500 — 91875 = 170,625 lbs. 
^5 = 7500.45- 75,2035 = 337500— 151875 = 185,625 lbs. 

M , .Google 



SIKAIfiS Iff TElTBSBa WITH PiaALLEL B00M3. 



-lt-"^'-> 



50000 50000 



'" + inom •<^"' ^ '^"*' = ^^°° " ^'^'"' + ^•'■^^'^ ~ '"'^' 



= 25000 — 500 . 2.5 

= 25000 — 500 . 7.5 

= 25000 — 500 . 12,6 

= 25000—500 . ],7.5 

= 25000 — 500 . 22.5 

= 25O0O — 500 . 27.5 

= 25000 — 500 . 32.5 + 5 . 4556.25 

= 25000 — 500 . 37.5 

= 25000 — 500 . 42.5 

= 25000 — 500 . 47.5 



5 . 9506.25 = 71281,2E 
5 . 8556.25 = 64031.2f 
5 . 7G56.26 = 67031.2E 
5 . 6806.25 = 60281.2f 
43781.21 



5 . 6 



16.25 = 



5 . 3306.25 = 20281.2: 



,1=25000- 
I j= 25000 - 

, ,= 25000 - 
1,=^ Null. 



Counier StTains. ( F„.) 
500 . 52.5 +. 5 . 2366.25 = 10031,25. 
500 . 57.5 + 5 . 1808,25 = 5281 25. 
500 . 62.5 4- 5 . 1406.25 == 781.25. 

Strams in Diagimah. 






71281.25 
64031.25 
57031.25 
50281.25 
43781.25 
37631.25 
31631.25 
25781,25 
20231.25 
14031.25 



.1.12 = 79,835 lbs. 
1.12 = 71,715 Iba. 
1.12 = 63,875 lbs. 
1.12 = 66,315 lbs 
1.12 = 49.035 lbs 
1.12 = 42,035 HiB. 
1.12 = 35,315 lbs. 
1.12 = 28,875 lbs. 
1.12=22.715 Iba. 
1.12=15,715 lbs, 




= 10031.25. 1.12= 11,235 lbs. Compresaio 
= 6281.25.1.12= 5,915 lbs. TenBion in 
= 781.25 . 1.12= 8751bB. CompreMio 
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rs. 135 

Wabreh Teuss. 
Mg. 221. Upptr Boom Loadzd. 

Additional He/Irenes. 
Distance from abntment A to center 
ol bay of upper b' 



= Distanoa from abntment A to apez of 

bay of upper boom. 
= Distance from abatraent A to apes of 



bay of upper bi 
distance from al 
bay of lower boom. 

Permanent Lead, equally disti 

over whole tengih of Truss. 

Strains in Booms. 



— ( ^ . 

2h ■ '" \ 2hl ■ 



Strains in Vsrticah. 
^^ W W 



\ng and Static Load, each emiaily d 

tnlmted per unit of length. 

Strains in Booms. 



,gle 



strains in VsHiaah. 

Slrains in diagonals, 

Slrains in Counters. 

W. 



EsiMPLE. {Rg. 221.) 
Moving Load (as raihuo!/ traiwpaaaing over bridge) on Upper Boom,. 
We will assume W = 50,000 lbs. 
W,= 100,000 lbs, 
I = 100 feBt. 
A ~ 10 feet. 
V = 63° 20', r = 5 feet. 

Horizontal Strains in Upper Boom. {Compression) 

__ w+w, ^ _ r ffH- 1^1 , J _L ( y+Ty.) 



1 _ ri^+^i J 
■^' L 2a; ■^° ■ 

■"^° L 2000 '^ "^ aooo 

7500.=.— [7(i.J.'+ isrsj 



-]= 



-]- 



^ = 7500.5 - 
a:='J500.15- 
!?;= 7500,25- 



75.25 H 


hl875 


75.225 ■ 


-1876 


75.625 - 


-1876 


75.1235- 


-1875 


75.2025- 


hl875 



33,750 lbs. 
93,750 lbs. 
138,760 lbs. 
= 16e,7M lbs, 
183.750 lbs. 



Horizontal Slrains in Lower Boom (Jijns 



U 



mi 



7500.10 — 75,100 = 67,500 Iba. 
7500.20 — 76.400 =120,000 lbs. 
7500.30 — 75.000 = 157,500 lbs. 
7500.40 — 75.1600 = 180,000 Iba. 
7500.50 — 75.2500 = 187,500 lbs. 
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strains 



n Verticals. 

.(! — ffi„)2= 25000- 



= 25000 — 500,5 +5.05' = 67,625 lb3. 
= 250OO — 500. 15 + 5. 85' = 53,625 lbs. 
= 25000 — 500 . 25 + 5 - 76' = 40,625 lbs. 
= 25000 — 600.35 + 5.65' = 28,625 iljs. 
= 25000 — 500.45 -j- 5.55' = 17,625 lbs. 

Oounter Strains. 

= 2-5000 — 500.55 + 5,45' = 7,625 Iba. 

Strains in Diagonals. 



Y, 


= 67625 . 1.12 = 75,740 Iba. Teneion 


a Fi 


and Fi„ 




corapreasion in F. and F.. 






^2 


^ 63625 . 1.12 = 60,060 lbs. Tension 


11 Fa 


and Fj 




compression in, Y,,a.ml F», 






^s 


= 40625 . 1,12 = 45,500 lbs. Tenalon 
compression in Y, and F.. 


n F, 


and Fj 


y^ 


= 28625 . 1.12 = 32,060 lbs. Tension 
compreasioQ in Fjand Fj. 


n F, 


and F, 


¥^ 


= 17625 . 1.12 = 19,740 lbs. Tension 
compr^aion in F. and F., 

Counter Strains. 


1 Ys 


and Y, 
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Lattioe Tunas. {Figs. 222, 223. and 224.) 

Lower Boom Loaded. 

Additional Ite/erenae. 

r= Half the length of a tay of simple trues. (Fi(/s. 

and 223.) 
3!,^=: Distance from abutment A to center of bay of lower boom. 
y„=: Distance from abutment A to apex of bay of upper boom. 
a„= Distance from abutment A to apes of bay of loweT boom, 
The formulas are for the strains in the simple trusses, ( Fija. 
222 and 223.) Fi^. 234 shows the simple truEsea combioed, --- 
Btituting the Lattice Truss. 

When the upper boom is loaded, treat the etvains aa acting up- 
ward and the truss inverted: the strains will be of the eamt 
amount in each member, bat different in kind. 



Strains in Boom^. 

''•= 24 ■ t'-+ t) " 211- ■ (•■+ -y) + ™" 

strains in VeHicals. 

4 2; ■ ° 

3iraim in Diagonals. 
F. = F, coBeo. f. 

Moving and Static Load, each emtalli/ distrHatcd per xmit of 

length. 

Strains in Boom^. 

Upper. 

^"- — 2?" V-+ "2-J 2h^r-'^ 'TI + ^ SM 



r)- 



KlIBB IS TEUB3K3 WITH PABilLEL B 

Strains in VeriieaU. 



21 
Slrains in 



iP ■ 




Example. (Figs. 222. 233, and 224.) 

Moving Load (as raiiioai/ train passing over bridge) on Lower Boo-m. 

We will aasame IF ^ 50,000 lbs. 
fr,= 100,000 lbs. 
2 = 100 feet. 
h = 10 feet. 

Sbrizonioi Slraina in Upper Boom, (Compression, Fig. '22i.) 



i^ (■.+ !)■ + 



(•.+ ^) 



7^00(^^+3.5) — '75(^+2. 5)= + 408, 75 



2.6)-- 75.(10- 



2,5)-— 75 (15 + 2.5)' 



Il^= 1500 . ,.. 

/fj=7500.{15- 

IL= 7500 " 

.S=750O . 

l£==imi3 J (30 

S,= 7500 . (35 + 2.5] — 75 . (35 

.ffi=T500 . (40+ 2.6) — 75 . (40 



-.2.5) — 15. m 
2.5) — 75.(25- 
""■ 75.(30 

2.6)' 

2.5)5-- 
2.5) — 75.(43 4-2.5)= 



468.75 = 
2.5)5+4(38.75= 82,500 Iba. 



108,750 IbB. 
438.75 =131,250 Iba. 
468.76 = 150,000 lbs. 
468.75= 165,000 lbs. 
468.75=176,250 lbs. 
.76 = 183,750 lbs. 
458.75= 187,500 Ibe. 
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STEMI1-3 m TRUSSES WITH PAKAIiLEI EOOMa, 141 

Sarizontal Strains in Lower Boom. (Temion. Mr). 224.) 

7500 .(!/„— 2.5) — 75 . (i/„— 2.5) >— 1406.25 

ff,=7500.( 5 — 2.5)— 75. { 5 — 2.5)'— 1406.25 = 16.a751ts. 
/i", = 7500.(10 — 2.5)~'r5. (10 — 2.5)»— 1406.25= 60,e261bB. 
^■, = 7500.(15 — 2.5)— 75.(15— 2.5)' — 1406.25= 80,6251b9. 
ff; = 7500.(20 — 2.5)— 75.(20— 3.5)>— 1406.25 = 106,875 lbs. 
H, = 7500.(25~2.5)— 75.(25— 3.5)>— 1406.25=129,375 lbs. 
ff, = 7600.(30— 2.5)— 75.(30— 2.5)"— 1406.25=148.125 lb. 
H,=7500.(35— 2.5)— 75. 35— 2.5)5- 1406.25=163,]251bs. 
£r, = 7500.(40— 2.5)— 75.(40— 2.5)=~1406.25= 174,375 lbs. 
ZS=7600.(45— 2.5)— 75.{45~2.5)"— 1406.25=181,8751bs. 
i^,P=750O.(5O~2.5)— 75.(60— 2.6)'— 1406,25 = 185,625 Ibfl. 

Simple Tbuss. {Fig. 222,) 
Siraim in Veriicah. (F„.) 

2,5 .il-x,Y 

V,= 12500 — 250 . + 2.5 . 100" = 37,250 Iba, Com. in U. 
K~ 12500 — 250 . 10 + 2.5 . 90' = 30,250 Iba. 
v:= 12500 — 250 . 20 + 2.5 . 80' = 22,500 lbs. 
F:,= 12500 — 250 . 30 4- 2.5 . 70' = 17,250 lbs. 
V;~ 12500 — 250 . 40 -j- 3.8 . 60' = 11,500 lbs. 

Counter Strains. { V^.) 
V.= 12500 — 250 . 50 + 2.5 . 50' = 6,250 Iba. 
F,= 12&00 — 250 . 60 + 2.5 . 40' = 1,500 lbs. 



n Fj and Y, ; 
r.- : ., Google 



r. = 22500 . 1.12 == 25,200 lbs. Tension i 


Y, and Fj 


oompreeBion in F, and F.. 




r. = 17250 . 1.12 = 19,320 lbs. Tension i 


F, and Y, 


compression in Y^md Tt. 




Y, = 1J500 . 1.13 = 12,880 lbs. Tension i 


Y, and F, 


compression in Y, and Y^ 




Counter Strains. 




r„=F„oosec.«. 




T, = 6250 . 1.13— 7,000 lbs. Compression 


n F, and F, 


tension in Y, and r„ 




r,= 1500. 1.12 = 1,680 fts. Compr^aaion 


n F^ and 7, 


tension in Y^ and Y^. 





s 



Simple Truss. {Fig. 223.) 

Sirttins in. Fcrficois. ( Fj,.) 

12500 — 250 . 5 4- 2,5 . &5> = 33812.5. 
12500 — 260 . 16 -f 2.6 . 86^ = 26812.5. 
12500 — 250 . 35 -f 2.5 . 75= = 20312,5. 
12500 — 250 . 35 4- 2.5 . 65= = 14312.5. 
1250O — 250 . 45 + 2.5 . 55> = 8812.5. 

Counter Strains. (F„,.) 
^ 12500 — 250 . 55 + 2.5 . 45^ = 3812, 
Strains in Diagonals. 

= 33812,5 . 1.12 = 37.870 lbs. Compression in F,aud F^ 
■ "n r„ and Y^. 
25 . I.I2 = 30,030 lbs. Corapresaion in F^ and Y„ 
- 'iF^andF^. 
= 20312.6 . 1.12 = 22.750 lbs. CompreBsion in Fj and F, 

n r„and/;. 
- 14312.5 . 1.12 = 16,030 lbs. Compreaaion in Fj and F, 
on in Fj and F^. 

. 1.12 = 9,870 lbs. Gompresaion in Y-^ and F„; 
0.1- ia F, and F,. 

CounUr Strains. 



= 3812.5 . 1.12 = 4,270 lbs. Tension in F, and Y^-, com- 
preaaion in F;, and F,. 
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t<51k^ 



199 
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WHirpLB TEUS3. (Figs. 225, 226. 227. and 228.) 

Additional Beference. 
if-n, yn'= Distance from abntment A to end of bay. 



Strains ■ 


in Booms. 


W 
^» '2M' 


'^^ 


Strains ii 


i Verticals. 


".= 4 


W 
■II ■ ' 


StraiTisin 


Diagonals. 



■^^=— 2A~ ■ ^" 2«- ■ ^"'+ — 2Ar" ■ ^ - 

S{W'+Wy) 

"Ah 
Birains in Verticals. 
WW Wi 

drains m iJtcjoiiala. 
y, = V^cosea.v. 

Strains in Counters, 

F.=.i-i.. .+ -5-. „_,.,. r.=F.«.... 



Example, {Mgs. 225, 228. 227, and 228.) 

(Witli 30 Bays.) 

M<niing Load, (as railway train passing over bridge.) 
Let IF= 50.000 lbs. 
W,= 100,000 Iba. 
I = 100 fset. 
ft = 10 feat, t = 5 feet. 
■» — 45°. (End dit^ocals v =: 2G° 30',) 



s(W+ W,) 
ih 
H= 7500 . - 
J5;=7600. 6~ 
Kr= 7500 . 10 - 
H,= 7500 . 15 - 
/:;,,= 7300 . 20 - 
ll= 7500 . 25 - 
IL= 7500 . 30 - 
&= 7500 . 35 - 
ir,= 7500 . 40 ~ 
J4= 7500 . 46 - 
(If 



-375,y„+ 18750 

- 18750 = 18,750 lbs. 
-18750= 52,600 lbs. 
-18750= 82,500 Iba. 
■- 18760 = 108,750 lbs. 
-18750 =131,250 lbs. 

- 18750 = 150,000 Iba, 

- 18750 = 166,000 lbs. 
-18750 = 173,250 lbs. 

- 18750 = 183.750 lbs. 

- 13750 = 187,500 



-( 



-75. 02 — 375 . 
,75. S» — 375 . 5 
-75. lOa — 375 . 10 
-75. 15» — 375 . 15 
-75. 20> — 37e. 20 
-75.25" — 375 . 25 
-75. 30' — 375 . 30 
-75. 35= — 375 . 36 
-75. 405 — 375 . 40 
-75.45' — 375 . 4o 

±,5^1 lb.. 



8lrains m VerticaXs. 
-.K. -1- -^-.(i — 5^0 = = 12500 — 250. K„ + 
2.^.{l — ^)' 

= 75,000 lbs. 



V= 12500 — 250 . -I- 2.5 . 100= = 37,600 lbs. 

Pi= 12500 — 250 . 5-1-25. 95> = 33.812 lbs. 

F,= 12500 ~ 250 . 10 4- 2.5 . 80' = 30,250 lbs. 

V.= 12500 — 260 . 16 -J- 2.5 . 85' = 28,812 lbs. 

K= 12500 — 250.20-1-2.5 . 80» = 23.500)ba. 

K= 12500 — 250. 25-1-2.2. 75= = 20,312 lbs. 
1^=12500 — 250.304-2.5. 70' = 17,250 lbs. 
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146 STRAINS IS TRUSSES WITH PAEALIEL BOi 

Fs = 12500 — 250 . EB+2.6 . 65! = 14,312 lbs. 
1^ = 12500 — 250. 40+ 2.5.60' = 11,50011)3. 
1^^12500 — 250.454-2,5.555= B.Sialbs. 

V^ Acting on Counters. 

F„= 12500 — 250 . 50 + 3.5 . 50> = 6,2501b3. 
V,i= 12500 — 250 . 65 + 2.6 , 45= = 3,812 Ibg. 
T^ 12500 — 250 . 60 + 2 6 . 40' = 1,500 lbs. 



= 37600 . 1.117 = 41,887 lbs. 
= 33812 . 1.414 = 47,810 lbs. 
= 30250 . 1.414 = 42.773 lbs 
= 26812 . 1.414 = 37,913 IbE 
= 28500 . 1.414 = 33,229 \bi 
= 20312 . 1.414 = 28,722 IbE 
= 17250 . 1.414 = 24,391 lbs. 
= 14312 . 1.414 = 20,238 lbs. 
= 11600 . 1,414= 16,261 lbs. 
= 8812 . 1,414 = 12,461 lbs. 



Ten. Ten, Oom. Com. 



Strains in Counters. 

r,,= 6250 . 1,414 = 8,837 lbs, 
T,~= 3312 . 1,411 = 5,391 lbs. 
1^3= 1500 . 1,414 — 2,121 lbs. 

rNmi,-If oounter iH'oeea ore not inserted, Fii, F, a, nti.l Vi a, and Ya, 
J^BjOndFiowUl Imve an oddlttonal alroin, opposite in kinJnnd equal 
to Fii. Vi J. and Via. mid Tij, Fij, and Y, b ; hat if oonntsca ara used, 
the stmin F,,, Fis.nnd Fis will not occKr In Iba strnctnie, biit irill 
be neoeasnry to determliiQ ilio sWnin in Fji, rij.nnd ria only. I'll, 
ria,oniiFisWilltaeu be inpllnad in the same aii-eotion as tfie diago- 
nals iVom abutment A tq oentei' of ttaee, tlia ohacaoter of strain lietoK ffie 
same. (See also "ffowe Trass."} 

Keepinmiiidthnteacl.lialf trass, 1X5 to Iho cliaiaotci- and nraount of 
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{Kg». 229, 230, 231, 232, 233, and 234.) 

The strains in the lowsr boom (wlien horiiontal) are the greatest, 
and equal in every bay, when Uie load is equally distribnted over 
tbe whole length. 

Tlio BljaiiiB in the arah or upper boom are also greatest when 
tliB load is eqnally distributed ovai the whole lengtli; the strains 
grailually increaaing from the middle to ths supports. 

Th.c atrnins in the diagonals, whether singls or doubla, in a 
bay ate, when the load is equally distributed, everywhere null. 
When the load is unequally dietribnted, and one dingonal to each 
bay ia used, they will be either in compression or tension. The 
diuracter of the maximum of strains will be as follows; Assame 
til a left half of truss to be loaded. All diagonals inolined up from 
left to right abutment are in lariHioa ; if inclined down, in com- 
pression. The character of otrains will be vice versa when the 
eight half onljr ia loaded. 

The strains in verticals are either compression, tension, or null. 
Tlio maximum of compressive strain occnra wiien the diagonals 
in conneetioa are under ths greatest Etrain; that is, under an 
unequally diatribntad load. For other explanation, see digram 
under variously-disposed loads. 

In the following formulas and examples the dii^onals {for a 
moving load) resist a tensional strain only, and the verticals a 
conipruseive. This would not be the ease it one diagonal to each 
bay were used. In the latter case the diagonals and verticals 
would have to resist an allernata compressive and tensional strain. 

When the trusses are inverted, the strains are different in kind, 

A, B T= Reaction of support. 

C^ Compression in arch or upper boom, 
T=i Tension in lower boom. 
JJandS=liiBeofarcIi. 
J'and f = Vertical forces. 

JF= Weight of moving and static load per unit of upan 

or length. 
F= Strain in verticals. 
N= Total number of bays. 
a = Length of a bay. 
c := Length of a diagonal. 
d and h = Ordmates to parabola. 

{ = Distance between supports or span. 
h = Total number of verticals r= ilf — 1. 
m = Number of bays between support and P"„.,-- , 
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148 STRAINS m PAKABOIIO CUKVED TKOSSES. 

n = Number of a mamber. counting from suppo 

middle of trmifl. 
t = Tension in diagonal. 
« and £ ^ Angis between horizontfil and member of pol} 
JO = Weight of static load per unit of span or lenc 
v!j= Weight of moTing load, equally diatributea 
unit of span or lengLh. 
u, x,y = Absoisaaa, 
In the following diagrama, one-half of truaa only is shown 
strains being alike in the respective meinboTa of each half: 




Lojver Boom SonzoniaL 

To find the ordinate k when i7is giyen; 




Lower Boom Oiirved. 
To find the ordinate k or d when S" or 2) is given: 



Chhk^Ic 



H FAEABOLIC CUEVED TRC99E3. 



The value of ? given, WfinJA,- 



Load equally dktribuied — Sialic Load. {Figs, 231 and 332.) 
W = Tlie weight of construction and applisd load. 



Lower .Bodiii Loaded. 
Upper Boom Loaded. 



Fit/. 232. 




Upper Boom Loaded. (C = T.) 

* if— i) ■ "" ' s— D 

F^ — rr ^ tension. 



: ., Google 



150 STHAIHE 

Load unequaMy disiribuicd — Mveing Load. [Figs. 233 and 234.) 
Fiq 2J3 




j._ ;.^.r "+'- ' ')('--) i 

upper Boom Loaded. 
l'n= ■ ^ compression. 

-Fiff. 334. 



Upper Booth Loadsd. 
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STBAIHS IB PARABOLIC OUBVED mUBSBS. 101 

EsAMPLB. (Fig. 233.) 
Moving Load on Lower Boom. 
Befcrence. 
eifeef. c,= 8.7 I'eet. io = ]251bs. 

8 leut. &,= c~= 10.0 ffii^t. «■,= 625 lbs. 

8 feet. -c,= &= 10,9 fset. lF=s: w + i«,= 7S0 lbs. 
8, i = 7, .^0= 11.3 feel. 

4v8v8(S4^8'i "1= S.O— 8= OfeeL 

^ . -v --^ i- = 3,5 feet, u;^ 19.2—16= 3.2fef;t. 

•>* 1(3= 40 — 24 = 16.0 feet.. 

18.0 — 32=96.0 feet. 











4Xi 


a4> 

5X24(64- 


-24) 


. 7.5 feet. 








/;■= 


8.0 feet. 






;.,,= 


h, 


3,5 
~8" 


= 23" 37'. 


!■ h— 


h—h 


6—3.5 


= 17° 21'. 




K-K_ 


7,5—6 


— 10=38'. 



Tang, «3= 

Tang. vi= ^^- = -^ = 3° 34' 30". 

y.= 3 5 X 2.28 = 8,0 feet. y,— 7.5 X 5.37 = 40.0 feet. 

j,j= 6,0 X 3-20 = 19.2 feet, y.= 8.0 X 16.00 = 128.0 feet. 



G— 48O0Oxl.O9O=52,32O]ba. Ci=48000x 1.017 =48,3161bB. 
C,=48000 X 1.047=50,2561b9. Gi=48000 X 1.0019:= 48,091 lbs. 

X 8.7 == 5437.5 Iba. 

X 10,0 = 6250.0 11)3. 
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;5 X 64 



153 STBAIHS IB PARABOLIC CUEVfa) lEUSSEi 

(,== 4= -^^^-|1 X 10.9 = 6S02,5 Iba. 
(j=— g-^^-g— X 11.3 = 7002.5 lbs. 
A,= S X 126 [<i±l-:m-jy] „ 2625 

..^.x...[i±I^ii]=« 

■B.= 8(125 + 625)r '^g"t g^ 1^ 750 
Sj= 8(125+ 625) T-y^-g— 1 == saw 
Sj=8(125-J G25)r-^yi^J = 4500 
i,.= 8(125 + .2ei,[-iL-tfii.] 



7500 



0-|-_8^8 
0+lX 
3.2+ 8 X 
3.2+ 2 x" 

f ie + 8xs 



) = 7812.5 
F,= 450o(i5±^|-ij =0000.0 



f'=''''{Td'hrsh'''-' 
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PAEABOLIC AIICEED BEAMS OS E 



/.- «(i^-4w)-=«=''= 



Fi=GO0O —0 =G,0001b3. F,=9000— 500 =8,500 lbs. 
F5=7812,5 — 312.6 = 7,5001bs, F,= 9375— 662.6 = 8,8:2.51bB. 



TAPACITY AND STRENGTH OF PARABOLIC ARCHED 
BEAMS OB RIBS OIIIGIHALLY OUEVKE. 

Reference. {All diTnensions in inches.] 



C^ Compressive stcaiE la direction of arch. 
E= Moduliis of ekalicily. 

S= Horizontal thrust at abutment, or taneion on tie rod. 
I=! Momeot of inertia of croBS-Bectionuf beam, 
if^ Resistanceof material to crushing, (to be divided by factor 

of safety.) 
W= Concentrated load at crown of arch, 
a ^ Voi'tical defieetion at crown. 
6 = Horiiontal deflection at abutments. 
h ^ Riso of arcb. 

21 = Distance between abutments = span. 
8 =: Distance between neutral axis and farthest edge of section. 
V! = Load per unit of length, equally distributed horiaontally. 
a = Vertical distance from crown to point of arch, intersected 

hy y, say at on diagram, 
y = Horizontal distance from middle of arch ta seclioii where 

the amount of strain is desired. 
V = Angle between horiaontal and tangent to curve. 



i 
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■A BTEAIBB IN A FO] 


LTQOHAL FnlME. 


To determine (he cucve oc line 


_»'P"™"J 


X ~ 1^ ~r ^ -J"^ 


»-'Jx 


Taag. V at any point = = 




Tang. V at abutment = —r- 




Load coneentratod !it ei-owii oi 


midtllHofarciIi; 


-TSk -« 


'"S-^d 




-W)- 


_ m w , uwu 






^ _ 25i X IGfWJ 





Load equally diatributod; 
a=0 &=0 fl" 






JL+i'^\_!^ , p ;,ji 






STRAINS IN A POLYGONAL FRAME Ii^ EQDILIBRIDM. 
Load equally distributed m«r memliers of Frain-e, 
Jkference. 
H ^ Horizontal atcain in units of weiglit at foot. 
T^= Vertical strain yd. ■amis of weight at foot. 
(?„= Compressive Btrain in units of weight in direction of 

member. 
IF^= Load in units of weight, equally distributed over a mem- 
ber of the polygon. 
iin= Angle between horizontal and member. 



PABILOLIC AKfHEU BEAMS OK ElBa. 



For the equilibrium, \ being given ; 



Tang. ^4= -^ = Uiig. )i, + 



l.cK.sle 



8TEAINS IN ROOF TRUSSES. 

Jfe/erence. (Kja. 237 to 255.) 

{Weight of oonstraction. 1 
Pressure of wind. i= Load m nnite of 

Pressure of snow. J 

weight, equally distributed over one rafter. 
(See Mg. 238.) 
C= CompreaaioD of member in units of weight. 
3"= Tension of member in nnifa of weight, 
i ^ Total apan, or distance between abutments in 
units of length. 
d, h, I, and S = Dimeiiaiona in units of length. (See Figures.) 
■o,y ^=^ Anglea. (See Figures.) 
The diagraina show only one-half of truss, (except Fig. 238,) 
the thii'k hoes indicating compreBsioa, and the thin ones tension. 
(Sea"BeactMnofSappoTii" for pressure on joints ; b.\bo" Compound 
Straine m Trussed Beams.") 

OompTession in Bafien. {Trusses Nos. 1, 3, and 4.) 



,0 point whore the strain is desired, and I half the span = 
Cfor Truss No. l = irsin.-uCl %-] + ~ "" " " 



OforTrusaNo. 3=:ir 
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? EOOF TRUSSES. 



C=8000 X 0.44619 -f 
When iB^--r- theE will C^ 



8000 0.89493 
2 0,49358 ' 
8000 



2 X 0.44619 

- 2.00 = 8,000 Ibfl. Tension. 



: 10,666 lbs. Com. 
= 8,968 Iba. Cora, 



Tiruss No. 2. 



- X 0.44S2 = 1,785 lbs, Compreasion. 
X 0.895' = Q.568 lbs. Compresfiioti. 

- X 0.7986 = 1,597 lbs. Tension. 



.—When the rafters are Ristenad together at the tidga, they ai'e 
L orosa-bveaking strain OQly. ConeeoDBntly there Is no horizoulnl 
it the abutments ; that la, r— 0, and iHe eompreaaioD in C^ — K] 



.GcHK^Ie 




STRAINS IS" liOOr TKU; 
Tnoss Ho. S. 



Trnss Ho. 4. 



2 0.3* 
r.^ 0.89t X O.OST _. 



9,920 lbs. Tenf ion. 



1,720 lbs. TensioB. 
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When there it 



c,= jTrcoig.o r^iCi^-l-Jircoig. 



e T, (7, is under a tensile strain :^ ~ 



k being the height fvom 0, to ridge. 

Example. 
Lot IF= 8,000 lbs. 
I ■= 22.36 feet. 
^=i= = 11.18 teat. 
V = 26° 30'. 
0= USOOO X 2.241 = 14,566 lbs. Conipression. 
C;— 1 8000 X 2, = 8,0Q0 lbs. Compression. 

T= i (l + -5^4|-) 8000 X 3. s= 12,000 Iba. Tension. 

Tmss Ho. 6. 

Fig.S 




Let 1F= 8,000 lbs. 

I = 20 feet. 

1-,= 20.6 feet, 
ft = 10 ftet. 
h,= 5 fset. 



T,= 21 W — A W) -,^^ 

ESAMPLB. 



„ 8000x500—1500(500 — 10x5) „„„„., 

°- 5 X 22.36 ~" - ^^'^''* ' 

0,= 0.625 X SOOOS^ = 10,000 lbs. Compre.ssion. 
2' = (8000 — 1500) -?^-— = 26,780 lbs. Tendon. 




a=tyF^=|ir~-^ 



,= ^Woosec.v 


C^IF^ 


i.2d 


'=^W^2^iW 


Example. 


=tg.« 


Lot ir= 8,000 lbs. 
I = 20 feet. 


A = 10 feet. 
k= 11.18 feet. 


«,= 26" 30'! 



, Google 



= oUUU ■ . ^ o,yo-i 1 

2 X 20 X 0.44Sia 
= 8I3S X SOOO X 3.2411 = 14,567 Iba. Coiupreaaion, 
= 0.625 X 8000x1-12 = 5,600 lbs. CompcaBsioG. 
= 0,625 X 8000 = 5,000 ibs. Tension. 
= 0,Si25 X 8000 X 2.0 = 13,000 lbs. 



TsoBs Ko. 8, 




Let Tr= 8,000 lbs. 
v=26''30'. 

?ii= 0" 20', 
v^ 10= 0'. 



11 
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9000+ 0.375 X 8000 _ 



; 13,452 lbs. Compres 



0--= 0.812 X 8000 
C;^ 0.625 X POOO 



:= 7,585 lbs. Compreasio' 



r,= 2 X 8(100[0812-^I^-|||^+O.G25 X 



■■'_ =9,000 lbs. Ter 



dniH No. 9. 

Fig. 245. 




t rF= 8,000 Ibn. 
V = 26" ao'. 
2 X 8000 X 2,241 — 0,626 x SOOO X 0.'M6 = ]S,33Slbs, 



0.812 X 8000 X 2.241 = 14,560 lbs. Compresaion. 
0,625 X 8000 X 0,S95= 4,475 Ibc. CompreEsion. 
0,312 X 8000 X 2. = 4,992 lbs. Tension. 
0.812 X 8000 X 2— 0.312xKOOOx3.=8,0001bB. Tension. 
0.812 X 8000 X 2. = 12,992 lbs. Tension. 
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STRAINS IN EOOP T 
Truss No. 10. 




Example. 
Let W= 8,000 Iba. v,= 9" 20'. S. = 10 feet. 

« = 26° 30'. I = 20 feet. fti= 2 fset. 

.0= 0.S125 X 8000 °^^- —0,625 x 8000 x O.MQ = 10,517 Ihs. 



«= 0.8125 X 8000-:^g^ = 21,747 Iba. Oompreasioii. 
Ge= 0.625 ,X 8000 X 0.895 = 4,475 Iba. Coopiession. 

0,895=) = 7,163 lbs. Tension. 
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= 10,000 lbs Tea^'hn. 



Truss No ] 




C?i= 0.366 X 8000 — ^- = 4,070 lbs. Comprei 



Lin Ogle 



STRAISS IN EOOF TBUaSES. l6t» 

3._0.126 X 8000 -?2i- (6,6 -°;i|_+ b . O.SSl) -ll.OSOlb.. 

Tension. 
r,= 19486 X 0.936 — 7421 X 0.723 — 4930 X 0.446 = 10,000 Ihs. 



Tan 
r5= 0.812 X 8 



= 19,486 Iba. Tensi, 



Truss No. 12. 

Fig. 248. 




E SAMPLE. 

Let W= 8000 Ibe. A = 10 feet. 

i = 20 feet. fi=33,3Sfc 

43x lOOX 15600 



30 X 10 X 22,3 
Ci=0,366x8000-?^ 



- 8000 = 23,704 lbs. Corapresaion, 



r = 0.8e6x J^»-^t^™ = 20.9921b.. T.n.io». 
Ti^ 1.23 X 8000 = 9,840 lbs. Teneion. 
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EXAMPLE. 

Let W= 20,000 lbs. h = 20 feet 

; = 50 feet. 1^= 53.S feet. 



C = 0.5 X 20000 - 
(7i= 0.G83 X 20000 - 



= 26,000 lbs. Compresii 
= 3T,018 lbs. Gomprei 
= 46,937 Iba. Compre; 



(7,= 0.55 X 20000- 



; 9,900 lbs. ComprossioB. 

Lin Ogle 



r = 0.683 X 20000 X 2.517 = 34,382 lbs. Tension. 
3',= 0,a66 X 2O000 x 2.51.7 = 43,684 lbs. Tensioa. 
T^ JOOOO X20_ _ ggg,, 33 ^ j^^ ggg jijg^ TensLon. 

71= 0.183 X 20000 = 3,680 lbs. Tension. 




(4-(r,+ fir)-i 






ExAMPLH. 

Let If= 24,000 lbs. Span =100 fast ; = ;,= (^!5=1.25feBt. 
A == 20 feet. 11= 0. iS= 53.85 feet. 
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= 12000 X — ^ 
= 40088 — 0.2i 



= 32,310 lbs. CompreBsion. 
24000^^ = 41,728 lbs. Com. 



C,= 5S320 — 0,286 x 24000 - 



20 



= (5801 + 0.2S6 X 24000) — ^^ = 12,493 Iba. Com. 
= 3432 + 5484 —^ = 9,232 lbs. Compreijsioa. 
= 0.28G X 24000 ^ ' =. 9,245 lbs. Compi-ession. 
= (24000 — 0.1 X 34000) ~ = 54,000 ibs, TunMon. 

= 51000 — 0.28G X 24000 ~~ = 45,'120 It 



10 



12.5 



= 4r) 120 — 9232 -^— 38,170 lbs. Tension, 

2.1000 — ^24000 = 19.200 lbs. Tension. 
= 0282 -^^ = 5,801 11)3, Tension, 



■ 16 ■ 



j;= 0.286 X 24000. 



= 3,132 lbs. Tension. 




SIBAIN3 IH SOOF T 









' '"' sin. 


(" — "i) 


T '^ 


; 


^' 2 (/.- 


h,)oo..v. 


„ ^ 


:oa. u 


' "" ei'^' 


.("-"'i) 


T.— HIT . ' 


:03,« 



■"(ft -A,) 
(Tj— Tj) ooa 



= 0.866 

20O0O X 0.939 X 2.517 = 32,95S lbs. Compi-easi 
(\= 0.86G X 20000 X -^^ 0.3G6 X 20000 x C 

^ 44,236 lbs. Compression. 

G^ 0.808 X 30000 X ^ . ■ = 49,037 !bs. Oompressi. 

1:;= 0,5D X 20000 X 0,939 = 10.219 Iba. Compyession 
C,= 0.366 X ^0000 X 0.929 = 6.800 Iba. CompresBion 

40 
2-= 30000 X -2Q- X tang, v = Sail. 

Tf= 0,183 X 20000 x 2.5 = 9,150 Ibe. Tension. 
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'■^*"'-a5^5 - 


-firsin, 


■' 






'■•-A'^-ai'^ 












■s. « ^ H 


IFt... , 






^-[^"^^ 


-^[fsh 


,,■—,■ 


..] 


1 

sin,(2i> — III) 


'■-''-♦"'^(I^'i, 


,7 = ''- 


■Tj 
















'■-A-^-^- 


- ?;= ?g 


""^ 


^*i_"l 


^r 


''•-A'^-Bsi^r 










3;=3i=r— 3;=iF- 


-,.i™i^ 


y 






'-'• 








Let Jf= 20,000 Iba. 
I = 50 feet. 


* = 


20 feet. 
21° 40'. 




h,= 0. 


0= 41885 — 0.28ex 200UOx 0.3G9 
Ci= 43567 — 0.228 X 20000 X 0.369 


= 39,7T41bs. 
= 41,885 lbs. 


Compression. 
Compreeaion. 








....... 
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0,= 48780 — 5213 = 43,567 lbs. Comp.-ession. 

Cg-= 0.9 X 2O0OO -^^ = 48,780 lbs. Com press ion. 

a=0.28ex.300O0x 0.929 = 5,213 Iha. GompresFion. 
Cl^^ 0.514 X 2O0O0 X 0,929 = 9,550 lbs. Compression. 

T= [o.9 X 30O00 -jT^^ 0.8 X 20000 X 369" — 0.1 > 



5;= r_rj = 20000 — 7183 = 12,812 lbs. Tension, 
!;_l»»?2-x45— =5.000 1b.. T„.io.. 



i;^ r,— ?,= 0.757 X 20000-^-^^ = 38,] 13 lbs. Tension. 



0.029 
"0369" 



0.9 X 20000 • =45,306 lbs. Tension, 



T^=- ?;= T— T,= 7,188 lbs. Tension, 
2'o=2;=7,188 1bs, ~ ■ 
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172 STRAINS lU EOOP TRUSSES. 

"Wien rafter is fisod at joLct A: 



c,= c 






Bending moment iit .B ^ -^ , , 




2'=0 

31= G^ COS. B + C^ c 
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AISS IH EOOP TRUSSES. 

Truss No. 19. 

Fit/. 255, 










Example. 


LetF=200001bs. 


u=21=40'. i;i=!5!i»30'. 


C = 27 tlOO lbs Compress 
;;,= 36 900 Iba Compresa 
C,= 4S >-0n Ibe CompiSBs 


on C,= 3,533 Ibe. Compiess 
on Cj= 6,666 lbs. Compreas 
oa T= 6,66Slb3, Teasion. 


G,= eSWlbs Oompresa 


an 7;= 37,000 lbs. TeMion. 
on. T^=s 41,831 lbs. Tenaioa. 
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STEAIHS IH EO 


€FT 


BUSSES. 
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Example to Table of CosaTABTS. {Tnits No. 13.) 

Wbat is theamouotofatrain in the various mem tiers of a truRs, 
according to Fig. 249, of Ih© following dimensions, Tia; Span 60 
feet, diftanee between truasea 10 feet, height at center 10 feet, 
weight lo be oamed, inclnding weiglit m construction, 66S lbs. 



= 10 feet. ^^ = 



10 



The 



Member. ConslnnL IF Slraioa. 

C, = 2.745 X 20,000 = 54,900 lbs. 

4 = 0.600 X 20,000 = 13,200 lbs. 

<i = 0.567 X ^0,000 =- 11,340 lbs. 

T = 1.956 X 20,000 = 39,120 lbs. 

r =2.608 X 20,000 = 52,120 lbs. 

T, = 0.734 X 20.000 = 11,680 lbs, 

31 — 0.183 X 20,000 = 3,630 lbs. 
[Soto.— In ilia foi'egoing table the proportion 
■ ■- ■- -i-e bneed on the anglea.] 



r= 20,000 lbs. 



PRESSURE OF WIND ON ROOFS. 

In the following table tl^e masimnm presEnre of wind is taken 
at 50 lbs, per square foot: 

The angle between borizontal and direction of wiml is generally 
10' 00'. (See diagram,) 




= Force of wind in lbs. ^= 50. 
= PreEsnre at right angles to surface per 
" e, vertical, pet squafe foot in 1 

Q.H^ + 10) 
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height It to 


„.,... 


In Ihs. 


^'inir- 


-i 


90" 00' 


50.00 


0.00 


--I- 


45° 00' 


33.53 


47.40 


'-4 


33" •ir 50" 


23.80 


3S.60 


-4 


26= 33' 50" 


17,61 


19.70 


"-4 


2P 4S' 


13.83 


14.80 


'-4 


18" 2G' 


n.23 


11.80 


'-i 


15° 54' 40" 


0.46 


9.30 


-4 


U° 02' 10" 


8,59 


8.80 


»-4 


12= 31' 40" 


7.29 


7.40 


-4 


11° 18' 40" 


6.51 


0.60 
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PEESSUEE OF SNOW ON EOOFS. 

a ayarage pressure of snow on a level surface, in the United 
s, is about 15 lbs. per aiiuars foot. 

e following table gives the pressure per square foot on 
ms inclinea surfaces ; 

= PreBsnre per squaJ-e foot in Iba. = 15. 
= Vertical pressure in lbs. 
^ FresHure at tight angles to surface in lbs. 
^= Angle between sarface and horizontal. 



j),= y,G0fl,5) 








Proportion of 

height ;. to 
epim L 


Angle V. 


,,...„„, 
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12.94 


"=4- 


18" 36' 


14.23 


13.60 


^ = -s- 


15° 54' 40" 
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IP 18' 4 J" 


14. n 


14,43 


^= J_ 


0° 00' 00" 


15. 0& 


15.00 



TIE EODS AND BARS. 



Ultimate resistaaoe to tearing ^ 60,000 Iba. ^ 30 tana per 
square in eh. 

Ultimate lesiatance to Bhearing = 50.000 Iba. = 25 tons per 
sqaave LnuU, (See Fig. 253.) 
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BOK CONSmUCTIOIf. 

JOINTS OR CONNECTIONS IN IRON CONSTRUCTION. 
PftoponTioHs OF Bolts, Ndm, Rivets, &c. 

A = Sectioniil area of bolt, rivet, or pin. 
Af^ SectioDal area of all riyets m a jomt. 
Ja= Seetional area ot one plate. 
D ■= Diameter of bolt, rivet, or pin. 

S = Ultimiita resistance to shearing of raatei'ial. 

T= Ultimate resiatanee to tearing of raateriaJ. 

7'i= Tensiocsl strain on joint, &o. 

a = Number of times tbat a bolt, &o., will liave to be sheared' 
(See 2 on Fig. 253.) 

d = Diatanae between eectrea of rivets. 

k = Factor of aafetj. 
I = Overlap, approximately If if to IJ d. 
m = Number of rivets in a Joint. 

a = Number of lines of rivets in a joint at right juigloa to strain, 
! = Tliiuliuess of a plate. 

ElvMS, 
Fig. 2B7. 

8D i^Hl^ ^°' tension in direction of rivet: 



: ., Google 



Pin, &c., is Tib Bins. 



-Z> = 1.128 v/3~ 



i.MiiiJi.iiii.itkL.Ji 



luniff 



Plate Jointj. 
No. I. — Plate Joinl Overlapped, four lines of Bwets, 
Fig. 259. 

-)d = I>-[- ~ {0.7854 D'n) 




m < 6-0.78114 



Mo. 2.— Plate Joint Overlapped, single line of S 
Fig. 280. (Same bs No. 1.) 
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No. 3.— Flak Mnt Overlapped, two lines of B 
Mg- 261. (Same as No. 1.) 



No. 4, — Fish Joints, two hnes of Bivets. 
Mg. 262. 



<^^m One Ml plate. (Same aa No. 1.) 

#'1 Two fish plates, 

^^^ Thickness of ead. fish plato = i (. 



^OtherwiEO Eame as So. 1.) 
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EIMEKSIQNa OP BOLTS iND K 



DIMENSIONS OF BOLTS AN"D NUTS. 



1, 267, 263, 269, 270, and 271. 

D(ft.of Mo Tliitftda 





SLOPIKa BEAMS. 



of bolts, 1 



1.4 D 4- 0.25 = Inaccibed o^ 
D = Height of nut. 
0.7 D = Height of hend. 



fqiially diataibnted or between suppoilB.) 



Area of Cross-seetion 



lo resist a Oross-hreahinij o,nd 
""" a Boom in Trusses, &c., 



i: 



Itefer^nee. 
Bending moment (See Pace 100.) 
Compreaaive atrain. (8es Eoof and 
A factor depending on form of oroas 
Moment of inertia of cross-section, 
Diatanee from nentral axis to most < 
A = Sectional area of beam, &c. 
h =: Deptb of beam, &a. 
p ^ Resistance ti> compreseior 

section. 
W= Total load. 
t ^ Length of beam, Sx. 



Trnases.) 
oompregBed fibres. 
ity pet eq^uaro inch of 
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For horiEOntal be; 



Por sloping baama, &c,, if =^ angle between horizontal and beam; 
IF r 1 / 1 , . \ , I aos. v-i 

IF r 1 / 1 , . \ , I cos, w-| 




= 25 to™ C= 2.8 tons. i = 10 feet. w = 26= 30' 

p ^= 5 tona per square inch, 
'a will naEUme a, PIkkuLi Go's six-inch beam of the following 
jneions: S = 6inoheB; J. = 4 inches; 1^=22.5 

._^rJ_/^_+0M6l+ i?^>^^'-?-M=306ms.- 



n has a graater sectional area than 

,t the apex of roof, t 



showing that the six-inch beat 

If tlie load is oonaentvated a 
strain 0= 2.8 tons, and tlie e 

wonld be {takingp at fivo tons per square inch) . ■■■ =v 0.56 sq. 

inches, provided this is able to resist buckling. 

By comparing this with tha above result, it will ba seen how 
much greater the sectional area will have to bs to resist a cross- 
breaking strain, caused by tha load being distributed. These 
remarks also apply to simple ttusBfls. . i inolr 




F'=i20 tons. I = 20 feet, u ^ 15° ^^5 tons per sq. inch. 
We will aasvime a Phcenix Go's twelve-incli beam of the fol- 



" 0.5 X i3' X 13.5 " 



m=0.0703xlx 1202 = 84.36 (See Eaaotion of Supports.) 
C= 23.32 tone. 



El of the tweltfe-inch bea 



of roof trusses, m and C being eivan. For the bsnaing momauta (m) 
the yoi-ious dlstaqres are ItiehorTionlalprojectionaof ihoseontiiemBer 



i abutment to ridge. 
The toragoIngfofiJiuiBs also apply lobenms 
tensional sMBfo. If tbe truss (Kg. 2J4) Ib inve 
will bo In tension. Henoa, insert thoresiefnn. . 
Instaad of sompi'sasion. aad put (ansional (or ee 
viae, the formulae teraaiu the aitme.J 
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WEIOHT ae MOVING tOAES. 

WEIGHT OF MOVING LOADS. 
Variable and Accidental Loads. 



"«/ . ' 


.„.,.«. 


Weight in Iba. per squore 


street bridges for 


Cfow'd with per- 






Maximum 




heavy t -vffi 






^ 




btreet b d_e3 fo 
ge e ^1 traffic 
f t jaE gor^ 


Pereons, animals. 


Public travel... 
Private travel ,, 
Heavy business 


80 lbs. 
40 " 




L^i^"bu.i;,e^ 
wagoiifl 


40 ■' 




Crowded public 


Minimum 






Maximum 

Average 


120 '■ 
80 '■ 




Cbnrahes, oo art- 
rooms, theatres, 
and ball-rooms. 
Storage of grairi.- 
General mercliaa- 






Floow, &c 




100 " 
















(■200 




Ha lofts 




(400 
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The following table gives an approximate weight per lineal 
footinpoandsofthesUtio loader weight of oonstmctioo complete 
tor Single-Lme EaUinay Bridgea, supported at the ends, from ten 
to four hundred feet span; also the weight of the moving load 
per lineal foot of span, oaaed on the assumption that the heaviest 
looomotivea exert a pressure of three thousand pounds per lineal 
foot between their extreme bearings. 

The table is applicable in compoling the strains in all trusses 
with parallel booms mentioned in this worir. 
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3,250 
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100 
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300 
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300 
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110 


1,157 


310 


2.G21 


110 


3,060 


310 


2,0S0 
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1,230 


320 


2,694 


120 


3,000 


320 


2,045 


130 


1,303 


330 


2.767 


130 


2,930 


330 


2,010 


140 


1,380 


340 


2,840 
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2,880 


340 


1,975 


160 


1,453 
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2,913 
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2,820 
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2,760 
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1,910 


110 
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370 
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2,700 


370 


1,880 


180 


1,672 


380 


3,132 


180 
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380 
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190 


1,745 
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3,205 


190 


2,615 


890 


1,820 


200 


1,S1S 


400 


3.378 


200 


2,575 


400 


1,800 



SIATIC AHD MOVIHff WADS ON BRIHOBS. 



KOuigsbroviii ., 

Colomak" 

Iser," near Mu- 

Donau," near 
Ingolstatlt 

Elb,"nearMei- 

MaiuK 

Eoyal Albert," 
near Saltaeh,, 

Kent" 

Harper's Ferry' 



a,53S 
10,390 
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MISCELLANEOUS. 
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aEOMETEY. 



LONGIMETEY AND PLANIMETRY. 
CLIneaaudArens,) 

Eefennci-.. 
A = Ai-6a. 

~ = Periphery of ciwls = a.UloO wlion dkinctuc = 1. 
r = Radius of oircla. 
c ^ Length of oord of segmeDli. 
p = Circumferenoe of circle for given diameter. 
I = Length of circle arc, &c. 
h = Height of aegment. 

V ^ AnglflB, expressed in deGimals, as 15" 30' = 15.5. 
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SPECIFIC GRAVITIES OF MATERIALS. 



QiBBa at 32° Pahr.. and under the prepare of on 
atinosphara of 2116.4 Iba. on the square foot: 

Carbonic acid , 

Hydrogen 

o?yg™ 

KiUogen 

Steam (ideal) 

.Slther Yapor (ideal) 

Bisulphuret-of-caiboQ vaponr (ideal) 

Olefiant goa 



1.080728 
0.12344 
1,005592 
1.080256 
t. 078596 
0.05022 
0.2093 
2137 
0.0795 



Li5DiDsat32°Fahr. (esceptwater, _ 
wiiiah is taken at 30°.4 Falir.) : 
Water, pare, at 39" .4.. 
" aea., ordinary ... 

Alcohol, pure 

" proof spirit... . 

iEther 

Mercury 

Naphtha 

Oil, liaeeed 

" of tnrpantme 

Petjolenin.; 

SoWD MinebaIj S 
matallio : 

Basalt 

Brick 

Briofework 

Chalk 

Clay 

Coal, anthtaoite 

" bitmninous.... 

Cote 

Felspar 

Flint , 



62.425 
64.05 
49,33 
5Y.18 
44.70 

848.75 
52.94 
58,63 
57.12 
57.62 
54.31 
51.81 



0.791 
0.916 
0.716 
13.596 
0.848 
0.940 
0.916 
0.933 
0.870 
0.878 



o2.78 

1,92 

1.602 

.0 1.44 

;ol.e6 

2.6 

2.63 



SPECrnO GKATITIES OF MATEBIAL3. 





^"£££r 


Sper^iflB 
B|^wny, pure 


tinned; 


156 
187 
169 
169 

164 to 172 
143.6 

169 to 175 
178 

100 to 119 

116 to 144 
109 
102 
105 
118 
88,6 
144 

130 to 157 
162 

175 to 181 
170 

487 to 524.4 

533 

524 

537 

549 

656 

1186 to 1224 

434 to 456 

444 

474 to 487 

480 

713 

1311 to 1373 

655 

487 to 493 

456 to 468 

424 to 449 

47 
43 






3,0 




2.7 








2.63 i« 3.78 




2.3 


limeBtone, (including marble)... 


2.7 to 2.8 


Marl ."^!!!T.^.'v.';.v;:::::' 


l.etol.S 








1.75 






















. " variona kinds 

Shale 


2.08 to 2.52 
2.6 










MirrAM, solid: 








































i„a..;: "!'T:,:;::;:: 
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Timber i* 








Eeaoh 


0.69 



Gocgle 





Weight of a 
SFDirdupoiE. 


Spcciflo 
gravity, pure 


Timber:*— continued. 


4iA 
53.5 

60 
65.3 

30^4 
33-4 
36-2 
74.5 
34 
30 to 44 

30 to 44 

29 

31 to 35 
62.5 

57 
54 
47 
47 
57 

41 to 83 

44 

53 
49 
57 

43 to 62 
54 
36 
60 
37 

41 to S5 
61 

62 to 66 

62.5 

25 

50 


0.711 




0.843 
















0,486 




0.535 






















" Lierican yellow pine 



0.5 to 
1. 

t> 



0.675 to 1 

0.65 to 1 






0.69 too 





0.66 to 



46 

56 












Rfi 








76 










Latch. (See "fir".) 






71 




5K 


Spanish 
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" African 
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Weought Ibob. 


Cast Ieoh. 


II 


Cubic foot = 480 Iba. 


Cubic foot = 450 lbs. 




Weight in lbs. 


Woiglit in lb3. 


A 


0.017356 


0.0163 


i 


0.0347 


0.0326 


A 


0.0520 


0.0489 


i 


0.06M 


0.0652 


^ 


0.0867 


0.0815 


t 


0.1041 


0.0973 


I'j 


0.12U 


0.1141 


J 


0.)3SS 


0,1304 


t\ 


0.1563 


0.1467 


1 


0,1735 


0.1630 


i^ 


0.1909 


0.1793 


^ 


0,2082 


0.195S 


^^ 


0,325Q 


0.2119 


I 


2429 


0.2282 


H 


0,2603 


0.2445 


1 


0.2777 


0.2608 
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B SUTJARE FOOT IN F0UHE3 AVOIEDUP0I9. 



WEIGHT f EE SQUAEE POOT IN POUNDS AVOIRDUPOIS. 



.3 

Si 


Wroughb 


Cost Iron. 


Copiier, 
sheet. 


Lead, 


Zinc. 


P 


m lbs. per 


ISO lbs. per 
ouble foot. 


549 l.bs. per 


T1311>P,p9r 


eubio foot. 


tV 


2.50 


2.34 


2,86 


3,71 


2.27 


i 


5.00 


4.69 


5,72 


7,42 


4.54 


A 


7.50 


7.03 


8.58 


11.12 


6,81 


i 


10.00 


9.37 


11.44 


14,83 


9.08 


A 


13-50 


11,73 


14,30 


18.54 


n.35 


f 


15.00 


14.06 


17.16 


22.25 


13.62 


A 


17.50 


ie.4i 


20.02 


25.96 


15.89 


i 


20.00 


18,75 


22.88 


29.66 


18,16 


A 


23.50 


21.09 


25.74 


33.37 


20.43 


1 


25,00 


23.44 


28,60 


37.10 


22.70 


H 


27.50 


25.78 


31.40 


40,79 


24.97 


^ 


30.00 


28.12 


34.32 


44,50 


27.24 


a 


32.50 


30.47 


37.18 


48,20 


29.51 


i 


35.00 


32.81 


40.04 


51.81 


31.78 


i4 


37.50 


35.16 


43.90 


65,62 


34 05 


1 


40.00 


37.50 


45.75 


59.33 


36.33 
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H 




1.875 






0.208 






5.625 




2.813 


J 




0.208 
0.416 
0.832 




1 


6.250 
6,874 
7.500 






3,750 
4.687 
5,624 


s 




0.312 
0.624 


i» 




0,739 
1.459 
2.187 




1 


6,662 
7.500 
8.437 






i.2iS 






2.916 






9,374 






1.5G2 






3.646 






10.310 






1.874 






4.375 






11.250 


1 




0.416 
0.833 
1.249 
1.667 






6,103 
5,833 
6,562 
7,291 






12,190 
13.120 
14.060 
35.000 






2.089 






8,020 




2 


15,940 






2. BOO 






8,750 




2 


17.810 






2.916 






9,478 


2J 




1,041 




1 


3.333 






10.930 








If 




0.521 
1.04! 


2 




833 
1.667 






3,125 
4.166 


;; 




1.662 

2^603 
3.124 






2,500 
3,333 
4,166 
5.O00 






6.208 
6,250 
7,391 
8.333 


I 


1 


3.646 
4.166 
4.687 
5.728 




i 


5.833 
6.666 
7,500 
8.333 




i 


9.308 
10,410 
11,460 
12,500 


1* 




0.624 
1.250 


!! 




9,156 
10.000 






13,540 
14.580 






1.875 






10.830 




1 


15,620 






2.500 




1 






3 


16.660 




3.125 




if 


12,500 




31 


17.710 






3.750 
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13,330 




■2\ 
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3.437 
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32.500 
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40.000 
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24.200 
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6.874 
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46.660 
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9.154 
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11.460 
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12.600 
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13.750 
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14.160 
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17.190 




29.160 




24.780 




2 
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16.83 




H 


119.10 




5J 


146.60 




1 


31,66 






130.00 




6 


160,00 




H 


47.50 


1 


h 


140.80 
11,66 
23.33 


;: 


7J 


173,30 
186,60 
200,00 


I 


2 

f 


63,33 
79.16 
95,00 




U 


35.00 






213,30 




3i 


110. SO 






46.66 


^ 


i 


14,16 




4 


126.60 




u 


58.33 




1 


28,33 




4i 


142.50 




3 


70.00 




IJ 


42,48 




6 


158.30 




31 


81 66 




'2 


66,66 




6i 


174.10 




4 


03.33 




n 


70.83 






190.00 




4i 


105.00 




3 


85.00 




6i 


205,80 




5 


116.60 




3J 


99.16 




7 


221 : CO 




&i 


128,30 




4 


113,30 




7i 


237,60 




6 


140,00 




44 


127.50 






253,30 




6i 


151,60 




5 


141.60 




8i 






7 


163,30 




5J 


165,80 




9 


283.00 


n 


J 


12,60 




6 


170.00 




9i 


300.80 




1 


25,00 




6J 


184.10 


10 


i 


16.66 




li 


37,60 




7 


198,30 




1 


33.33 




2 


50.00 




7i 


213.50 




1* 


60,00 


" 


? 


62,50 
75.00 


" 


SJ 


226,60 
240,70 


" 


2 


66,66 
83.33 




3J 


87.50 




J 


15.00 




3 


100,00 




i 


100.00 




1 


30.00 




3J 


116,60 




ii 


112.50 




1^ 


45.00 




4 


133,30 




5 


125,00 




2 


60.00 




4i 


150.00 




6J 


137.60 




2.} 


75.00 




5 


166.60 




6 


150,00 




3 


&0.00 




5i 


183.30 




6J 


16§.50 




^ 


105.00 




6 


200.00 


'.'. 


7 


175.00 
187.60 




4 
4i 


120,00 
135,00 




e, 


216,60 
233,30 


8 


J 


13.33 




5 


160,00 




7i 


250,00 




1 






5i 


165,00 




8 


266.60 




u 


40.00 


'■ 


6 


180,00 




Sh 


283,30 




2 


53,33 




Si 


105,00 




9 


300,00 




^ 




" 


7 


210.00 




9^ 


316.60 




3 


80,00 




7J 


225,00 




10 


333,30 




3J 


93,33 






240.00 


m 


i 


17,60 





n 


i 




.3 


s 




TT 


1 






















"i 
















Ss 


s^ 










S| 


S.S 




11 


1.5 


1 


II 


Is 


1 




1.2 


i 




§ 


1 




§ 


$ 


a" 


^ 


s 


10} 


1 


35.00 


11 


n 


55.00 


11} 


1} 


57.50 




u 


52.50 




2 


73.33 




3 


76.66 




2 


70.00 




2} 


91.56 




2^ 


95.83 




2i 


87.50 






110.00 




3 


115.00 




3 


105.00 




3} 


128.30 




3} 


134.10 




3J 


122.50 




/ 


148.60 




4 


153.30 




4 


140.00 




4} 


165.00 




^ 


172.50 




4J 


157.50 




5 


183.30 


'[ 


5 


191.60 




5 


175.00 




5} 


201.60 




^ 


210.80 




5} 


192.50 




a 


220.00 




6 


230.00 






210.00 




e} 


238.30 




6} 


249.10 




6i 


327.50 




7 


256.60 




7 


268.30 




7 


245.00 




7} 


275.00 




74 


287.50 




7i 


.262.60 






293.30 




8 


306.60 






280.00 




8} 


311.60 




8} 


825.80 




Si 


297.50 




9 


330.00 






345.00 




9 


316.00 




9J 


348.30 




9} 






9i 


332.50 




10 


366.60 




10 


383^30 




10 


350.00 




lOJ 


385.00 




m 


402.50 




10} 


367.50 




11 


403.30 




11 


421.60 


11 


} 


18.33 


11} 


i 


10.16 




11} 


440.70 




1 


30.66 




1 


33.33 


12 


13 


480.00 



h/ Google 



T OF A LIHEAL FOOT, ETC. 
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BOLTS, NUTS, AHD HEADS. 

(Whitworth'a Proportions.) 
Weight in Ihs. of Heads and Nuts. 
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ircsagonal. 


Square. 


He..gonM. 


aquaro. 
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Head. 


Nut. 


Head. 


N\ik 


Heads. 
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&NuL 


Heads, 


ft Kut. 
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0.008 


3,005 


0.022 


0.019 


0.017 


0.013 


0.044 


0.041 




0.014 


0.007 


0-027 


0.021 


0,029 


0.022 


0.055 


0,048 


0.029 


0,017 


0.061 


0.049 


0.067 


0.046 


0.122 


0.110 
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0.040 


0.069 


0.050 


0.119 


0.101 


0.138 


0.119 
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0.109 


0.20a 


0.181 




O.lOi 
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1.098 


2. 625 


1.883 


3.680 


2; 938 
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1.742 
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4.662 
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3.440 


1.991 
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6.880 
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29.44 
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42.00 
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WEISHT IN POUNDS OF BOUND lEON FOE 




■Weiglitofliolt = 1.39 
Weigtt of square head = 1.40 
Weight of heiagooal nut ^ 1.06 taken ai 
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WEIGHT IK POUHDS Or EOUND IKOH, ElO. 



BOLTS, ETC., BETWEEN nEAD AND HUT. 
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0.150 
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0.155 
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0.217 


0,248 


0.279 


0311 


0.342 
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0.209 


0.251 




0.335 


0377 
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0.461 
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0.270 


0.331 


0.386 


0.442 


0.497 


0.562 


0,607 
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0.34^7 


0.416 


0.486 


0.655 
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0,7.63 
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0.347 


0434 
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0.608 


0.695 


0.782 


0.869 


0.956 


1.043 




0,497 


0.632 


0746 


0.871 


0.995 


1.119 


1.244 


1.368 


1.493 




0.677 


0.846 


1.016 


1.185 


11354 




1.693 


1.862 


2.032 




0.884 
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1.32* 


1.548 


1.769 


1.990 


2.211 


2.432 


2.654 


1 
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1.400 




1.960 


2.240 


3.520 


2.800i 


3.080 
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1 
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1 
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4,741 


5,418 


6.096 


6,773 


7.450 


8,138 


1 




3.111 




4.666 


5,334 


6.221 


6.999 


7.777 


8.547 


9.333 
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3.538 


4.423 


5.307 


6.192 


7,077 


7.961 


8,846 


9.730 


10.610 




4.480 


5.600 


6.720 


7.84{ 


8.960 


10.080 


11.200 


12.320 


13.440 




5.562 


6,953 


8.343 


9.734 


11,120 


I2S10 


13,910 


15,290 


16.690 






8.365 


10.040 


11.710 


13,330 


15,060 


16.730 


18.400 


20.070 
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7M2 


9.953 


11,940 


13,930 


15,920 


17.010 


10.910 


.u»o 


23.890 
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i WEiaHT OF MMKRIALS CSEE IH EUILDIKO. 

WEIGHT OF MATEBtA]jS USED IN BUILDING. 
(Per square taat from one lach thickness to a, cubic fooi) 

Stones. Earths, ifis. 
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Ares, circumference, and cubie contents of eirdes 218 

Asia, neutral i 

Bars, tie rods, &o ISl 

rBaiatance of, to tearing. 2 

EeaiUE, capacity and atrenglli of 29 

ofrolled 39 

of cast-iron 57 

ITof rolled l-shaped 39 

and strength of parabolic arched 153 

iron ties, strnta, and.... 3 

sloping rafters and W3 

Btrains in trassed 122 

horizontal and sloping 188 

strength of wooden SS 

Bolta and nuts, dimensions of. 187 

nuta, and heada , 235. 

Boom derricka, strains in 114 

Booms, strains in trnasea with parallel 126 

Bow-string girdera.. 147 

Bridges, static and moving loads, of wrought iron 192 

Camber 3 

Capacity 2 

and Btrangth of beams 29 

Wof rolled l-shaped beams 39 

of rolled beams 41 

of cast-iron beams 57 

and strength of parabolic arched beama 163 

Caat-iron beams 3, 53 

Center of gravity of planes : 202 

Cii'onmference, area, and cnbio contents of oirolea 218 

Oolnmns, pillars, and struts, strength of. 110 

Composition and resolution of forces ■ Ill 

Compound sfcrsins in boriirontal and sloping beama 183 

Compression ^ 

Compressive strain and pressure on supports 102 

Contraction and expansion f: 4 

(M) 



344 



Constants for etJaJn in truEees 

roof truBSOS 

Connections in icon coaatruction, joints or.., 

CrosB-brBaking 

and ebearing, resistance to... 
, resistance td 



Deflection 

Derricks, strains in boom 

Simenaions of bolts 

Divisions of a foot, espreaaed in equivalent 

Ezpansion and contraction 4 

Eztema] forcBB 1 

Factors of safety 29 

Forces external 1 

internal 1 

composition and resolution of. Ill 

parallelogram of. Ill 

Fra,me, strains in polygonal Wi 

Functions, trigonometrical 207 

Geometry 187 

Girders, strains in parabolic and bow-string 147 

Gravities of materials, speciSc 221 

Heads, nuts, and bolts 235 

Horizontal and sloping beams, compound strains in :... 138 

Howe truss 129 

Inertia and resistance o various sections, moments of. S 

Internal forces 1 

Iron beams, capacity of cast 57 

cast 53 

bridges, static and moving loads, of wrought 193 

construction, joints or connections in 134 

ties, struts, 01 beams 3 

Joints or connections in iron oonstniction 164 

Lattice truss 139 

with vertical members liil 

Loagimetry and planimetry 197 

Materials, &e., strength of 26 

Miaoellaneoua 195 



Modulus of rupture 4 

Momsnt of inertia and rBaiatanoa of various seotionB 5 

Moving loads, weight of. 191 

Matural sino, cosiaa, &c 306 

Neutral axis 4 

Nuta, heads, and bolts,,.. .-. 335 

dimeDgioDs of 187 

Parallelogram of forces Ill 

Parallel boome, strains in trusses with 126 

Parabolic arched beama, capacity and strength of. 153 

curved tmeses, stra,ins in 147 

Planimetty, longim«fjy, &c.. 197 

Fillara, aolumns, and s^uts, strength of 110 

Pins, &e., in tia bars 185 

Polygonal frame, strains in 154 

Pressure oneupports 100 

campreBsive strain and 102 

of snow on roofe 178 

of wind onroofa„ 180 

Rafters, &a., sloping beams 102 

Keactiona of aupporta 100 

Besistance to direct crushing 1 

of bars, &c., to tearing 3 

to crosa -breaking and shearing 20 

crushing 103 

Resolntioa of forces, composition, &e Ill 

Kolled beams, capacity of. 41 

I -shaped beams, capacity of. 39 

Rods and bars, tie , IBl 

Eoof tmssea 3 

strains ia 156 

constants for strains in 174 

Roofe, presflura of wind on 178 

of snow on 180 

Rupture, modulus of. 4 



sroBB -breaking, 

Sloping beams, rafters, &c 103 

and homontai baama, componnd strains in 183 

Specific gravities of materials 224 

Static and moving loads of wrought- iron bridges 192 

Strength of materials 23 

wooden beams 08 

columns, pillars, and struts 110 



245 IHDBX'. 

Strength of teame, capacity, &o 29 

Straiaa in frames li^ 

boom derricks 114 

trnasea 115 

trussed beaniB 123 

trusses with parallel booms 126 

parabolic curved trusses, or bow-string girders,... 147 

polygonal frame 154 

roof trusses 15S 

oonetauta for 174 

truBses, cDUstauta for 117 

Strongest and BtifTest rectangalar beam from a, leg, to cut tbe„ 243 

Struts and beams, iron ties 3 

Supports, reaction of. 100 

compresEive strain, and pressure on 103 

Table for comparing measures and weights 2'I0 

Tearine. resistance of bars, Ac., to 2 

Tm.io° 1 

Tie rode and bars Wl 

Tcigonoraetrioai functions 207 

formnlafl 20o 

Truss, Howe 120 

Warren l^iS 

Whipple H* 

lattice : 139 

with vertical marabera 131 

TrUiMes parallel booms, strains in 12H 

parabolic curved, or bow-string l-i7 

constants for strains in roof 174 

constants for strains in 117 

strains in 11^ 

TmsBed beams, strains in 122 

Warren truss 13S 

Weight of moving loads 191 

static and moving loads of wrought- iron bridges... 192 

a lineal foot of flat or E[[uarB bar iron 229 

rolled round iron 234 

materials used in building 238 

superficial inch of wrooaht and cast iron 227 

rolled round iron for bolts 236 

heads and nnts 235 

per sqnare foot of metals 228 

Whipple truss 144 

Wooden beams, strength of. • 88 



.Gccglc 



